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EDUCATION FOR LEADERSHIP 


Engineering education, reflecting closely the atti- 
tude of engineers heretofore, has confined its work 
almost exclusively to scientific and technical training, 
giving little if any attention to the social and human 
aspects of engineering enterprises. The American 
Engineering Council, therefore, speaking for the en- 
gineering profession, urges upon engineering colleges 
an increased attention to the social aspects of engi- 


neering activities and a broadening of their technical 


training, in every way possible, to develop in engi- 
neering students the spirit of and a capacity for 
active leadership, not only in industry but in public 
affairs. 

Resolution of American Engineering Council 
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The Scope of Linde Service 


Linde Service goes beyond the mere supplying of its prod- 
ucts. It includes a carefully planned method of bringing 
engineering advice and assistance into close touch in the 
field with the individual user’s problems and needs. 


Linde thus offers its customers 
the fruits of practical experience 
gained by its Service Engineers 
through their intimate contact 
with the use and development of 
the Oxy-Acetylene process. 

Through 18 District Sales 
Offices Linde places its Service 


within convenient reach of every 
Linde user. 

The growing chain of Linde 
Distributing Stations and District 
Sales offices is the logical develop- 
ment of Linde’s desire to give its 
patrons every facility and service 
in the use of Linde products. 


THE LINDE AIR PRODUCTS COMPANY 
The Largest Producer of Oxygen in the World 


Carbide and Carbon Building, 30 East 42d St., New York City 


31 plants—58 warehouses 
District Sales Offices: 
Atlanta Chicago Detroit New Orleans Pittsburgh 
Baltimore Cleveland Kansas City New York San Francisco 
Boston Dallas Los Angeles Philadelphia Seattle 
Buffalo Milwaukee St. Louis 


LINDE OXYGEN 
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The Machine-Tool Industry 





Speakers at a recent joint 
meeting of the Philadel- 
phia Local Section and the 
Machine Shop Division of 
The American Society of 
Mechanical Engineers, the 
engineers’ Club of Philadel- 
phia, and the Philadelphia 
Section of the American 
Institute of Electrical En- 
gineers, approached — the 
subject of the machine- 
tool industry from three dif- 
ferent angles. Ernest F. 

a Mei DuBrul, Cincinnati, Ohio, 

discussed some of its eco- 

nomic features, Benjamin P. Graves and James <A. 

Hall, Providence, R. I., the effect. of variations in 

design of milling cutters on power requirements and 

capacity, and Dexter 8. Kimball, Ithaca, N. Y., the 
development of machine tools. 

Mr. DuBrul, who is general manager of the National 
Machine Tool Builders’ Association and president of 
the Pyro Clay Products Company, was graduated 
from Notre Dame University and did graduate work 
at Johns Hopkins University. From 1897 to 1911 he 
was director and superintendent of the Miller, DuBrul 
& Peters Mfg. Co., and its president from 1915 to 
1919. Mr. DuBrul analyzes costs and compares pro- 
ductivity of large and small shops. 

The paper by Messrs. Graves and Hall, setting forth 
the results of investigations to determine the effect of 
changes in the design of milling cutters, will be found 
of great practical value. Mr. Graves is a graduate 
of the Rhode Island School of Design, class of 1904, 
where for six years he instructed evening classes in 
machine-tool design. Since 1915 he has been milling- 
machine engineer for the Brown & Sharpe Manufactur- 
ing Co., in charge of all milling-machine designs and 
problems, both for shop use and outside sources. 

The co-author of the paper, Professor Hall, was 
graduated from Brown University in 1908 and _ has 
been giving instruction and conducting research there 
since that time. He is now associate professor of 
mechanical engineering. He is also president of the 
Providence Engineering Society. 

Dean Kimball’s address pays tribute to all those 
who have contributed to the development of machine 
tools from their crude beginnings to the modern 
standards of accuracy and output. 











Progress in Steam Research 


The first record of progress in the research of the 
properties of steam for the formulation of new steam 
tables appears in this issue. Dr. R. V. Kleinschmidt 
gives the results obtained in experiments at Harvard 
on the Joule-Thomson effect and Dr. Keyes of M.L.T. 
and Mr. Osborne of the Bureau of Standards tell of the 
progress made in designing apparatus for the parts of 
the work they are to carry on. These reports were 
originally presented at the A.S.M.E. Annual Meeting 
in December, 1922. 


Elasticity of Pipe Bends 


my 


Sabin Crocker and Sterling 8. Sanford, both of 
whom are associated with the Detroit Edison Company, 
have contributed to this issue an article on the elas- 
ticity of pipe bends. Both Mr. Crocker and Mr. 
Sanford were born in Mt. Clemens, Mich., and were 
graduated from the University of Michigan. Except 


for their war service they have since been connected 
with the Detroit Edison Company, where Mr. Crocker 
is now piping engineer and Mr. Sanford research en- 
gineer. 


} ocational Training for the Industries 


This issue contains a review of the present status 
of the many types of industrial education which proves 
that such education has already advanced in a truly 
remarkable way and promises much for the future 
Members of the A.S.M.E. Committee on Education 
and Training for the Industries who prepared this 
report are James A. Moyer, Robert L. Sackett, and 
Charles R. Richards. Professor Moyer was graduated 
from Harvard University in 1899, and taught engi- 
neering, mathematies, and experimental engineering 
there until 1904. After two years in engineering work 
for the General Electric Company and one for West- 
inghouse, Church, Kerr & Co . he ree ntered the teach- 
ing profession as professor of mechanical engineering 
at the University of Michigan. In 1912 he transferred 
to Pennsylvania State College, and since 1915 he has 
been director of the university extension work of the 
Massachusetts Department of Education 

Dean Sackett is a University of Michigan graduate, 
class of IS91. Previous to 1915 he was professor of 
sanitary and hydraulic engineering at Purdue Univer- 
sity, and since that time he has been dean of the school 
of engineering at Pennsylvania State College and direc- 
tor of its engineering-experiment station and engineer- 
ing extension. 

Professor Richards received the degree of M.E. 
from Massachusetts Institute of Technology in ISS5 
He has served successively as director of the Depart- 
ment of Seience and Technology, Pratt Institute, 
director of the Department of Manual Training, 
Teachers’ College, Columbia University, and director 
of Cooper Union. He has also been special agent of 
the N. Y. Department of Labor, and was for two 
years secretary of the National Society for the Pri 
motion of Industrial Education. 


Design of Woodworking Machinery 


Woodworking machinery of the future will be 
greatly influenced by such factors as the adoption of 
high-speed steel, demands of greater economy, power 
and speed, the use of ball bearings, and the direct 
application of the electric drive. Sern Madsen dis- 
cusses these factors in the present issue. He was 
graduated from the State College at Ames, lowa, in 
1911, receiving his M.E. from that institution in 1916 
He was for a time superintendent of maintenance and 
power for Curtis Brothers & Co., Clinton, Ia., and since 
1918 has been superintendent of plant equipment for 
the Curtis Companies, Inc., of Clinton. 














A.S.M.E. Pacific Coast Regional 
Meeting 
Los Angeles, April 16-18, 1923 
For Details of Program and Interesting 
Excursions, See Current Numbers 
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<conomic Features of the Machine-Tool Industry 


Some of the Features Brought Out as a Result of Analyzing the Statistics of the 1919 Census of Manu- 


facturers 


By ERNEST | 


ERY 


without the organizing, 


ew people five thought to the Vital eCCOnOTMIC fact that 
imaginative minds of business leaders 
there would have been little material progress 1n the world 





se who propose untried industrial systems for dreamlands from comparison of the estimated value of manufactures which in 
er think of it at all Without free play for the adventurous 1812 was $170,000,000 for the United States, whereas in 1919 it 
ve, ploneering spirit of those who can organize and direct in- was over $62,000,000,000. Of this total, 1 per cent, or nearly 
try, the world would soon slip back in its achievements of the one billion, was industrial machinery alone, to say nothing of 
rts ind luxuries that it enjyovs Only the joint etiort of ol electric i} equipment automotive ther ehicles tractors, 
ness brains and mechanical brains keeps us as we are, and pushes agricultural machinery, railway cars, and locomotives Of the 
industrial machinery, machine tools form the largest single class 
Ve hear much loose talk about the rich getting richer and the ind in value it is about twice as large as the next largest class 
getting poorer in these days when the streets are full of poor — textile machinery 
automobiles. By the use of machinery, directed by the Because the blacksn made the tools for all the other workers 
nizing minds of business leaders, the productivity of the nation who built the temple of Solomon, the legend is that King Solomon 
reased in the last century about twenty times as fast as the honored the blacksmith above all the other workers. The modern 
rABLE 1 DATA FROM 1 CENSUS OI FACTUI 
Reduced to “Per Shop” and “Per Wage-Ea 
Ind I 
! I 
Tota Per W I I hoy Wa 
ar Eo 
ber o tablishm an 1 j 
rage number of wage i a oo ;. 
nber of salesmen, clerks, et 1.033.509 ‘ s 
mber of superintendents and ma 281,2 } HOH) 
mit f corporation officer 132.407 i> 
1 t proy tor 269 137 \ 
" 1O S12 4 ~ ‘ rs 152 
| S44 S50 71 $ 4 i SOS . iS4 * 208 S4 
140) Led 
: £62 418.078.77 thst 212.4 s 27 O47 44 
730 93.727 y. ‘ ’ 7 is 4 130.077 
re i 1. 645.986 556 “74 s 2.985.974 7.409 
< ma 25 O4AL 6S 4900 st ’ t so) sO SN) 
i < 10.533,.400 3540 t ss ie 7s OnU 164.21 1 24 
‘ i 2,892.371,494 71 ‘ 8,037 Sot 14.759 1 
tra work 4.403 700 WO S44 , 648 os 
212 043. 080 ivf > 118 ) 
federa 1 790.1907 OF ‘ 4 73> ; 1OOu 2a 
tate 280 172 ” 2.08 " 169 ) 
lot Ded \ S16. 1S1 587 ON . is S1 77S S104.00 4 S258 06090 . mS 
lus SSOOLLTLO ST +4 74 40 3¢ ; 122. 491 wg 
t , ila per t 119. 101.56 107 j 116.172.7890 10.130 O4 
r du . 741.008 943 *S 10 7S . ‘ . 11 1 S SZ 3H . 2 
m, and cold statisties prove the truth to be that the poor machine-tool builder now stands in that blacksmith’s place pro- 
ire getting richer with the rich. Progress will continue at an in- ducing the master tools for all other crafts. 
freasing rate, unless stopped by attempts to put in practice such I shall give you an outline picture of the machine-tool industry 
SUL dreams as have been tried in Russia. through some analysis of the statistics of the Census of Manufae- 
\ der how little of man’s work continues in existence for 100 tures of 1919. This census gives the number of establishments, 
Most of it is replaced before worn out by better and more capital employed, value of product, costs of material, fuel, power, 
daptable plant. Even if we made no advances in methods we — wages, salaries, contract work, rents, taxes, number of wage earners 
vou ive to keep on replacing the old, as the forces of nature and salaried employees. To get our first comparison we reduc 
stroy the handiwork of man. All this requires that some this data to a “per shop” basis, and also to a “per wage earnet 
look forward many years to a demand from unborn gen- basis as set forth in Table 1. 
erat From the “per shop” figures we see that the average machine- 
U cause some men looked far ahead to such demands of — tool shop is about four times as large as the average of all indus- 
Our ent generation have we the comforts we enjoy. Only _ tries, as shown by the items of capital, number of wage earners, 
beca ome men could save capital, and do so in reasonable se- added value, wages, salaries, ete. 
Curt re present productive processes giving us these comforts. The size of his shop shows the machine-tool man to be a good 
G Manager, National Machine Tool Builders’ Association. Mem manager, and some other things confirm this. He paid his men 
Am.Soc.M E better than the average employee got elsewhere, but his salary roll 
» " ° ° 5 ° ° . . . . 
Piers d at a joint meeting of the Philadelphia Local Section and the was less in proportion and the number of supervising personnel 
Machir Shon seria " a -_ » . . y - : ° "© ° . on « . 
NEER nop Division of Tue American Society or Mecuantcat ENGI- — ajco smaller in proportion. While salaries formed 27.3 per cent of 
BERS Engineers’ Club of Philadelphia, and the Philadelphia Section } il of tl a ol t] | ly 2] t of 
0 , . , . , . : n > avr > avers ,e Vy os , YY Ce 
- the American Institute of Electrical Engineers, Philadelphia, February the payroll 0 le average shop, they show as only <1 per cent 0 


92 Slightly abridged. 
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Problems of Management 


DUBRUL 
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Trade Evils and Their Remedies 


CINCINNATI, OHIO 


Onlv as thi t 


puts it to work, can tuture 


generation saves something out of consumptior 


generations have greater comfort 


An impression of the rapid growth in productivity is obtained 


’ 
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the payroll of the machine-tool shop. 
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TABLE 2. DISTRIBUTION BASED ON VALUE ADDED BY MANUFAC- TABLE 3 DISTRIBUTION BASED ON VALUE OF PRODUCT AS 100 
TURE AS 100 PER CENT PER CENT 
--—All Industries ~ -—Machine Tools All Industries Machine Tools-— 
Per cent Per cent Per cent Per cent 
Value added by mfr $25,041,698 490 100 $153,365,850 100 Value of product $62,418,078,773 100 $212,400,158 100 
Capital employed 4$4,558,593.771 177 231,039,843 150 Capital employed $4,558,593, 771 71.4 231,039,843 108.7 
Value of product 62,418,078,773 249 212,400,158 138 Material used 35,730,393 727 57.3 6,048 334 26.3 
Material used 35,730,393 727 142.5 56,048 334 36.5 Fuel and power rented 1.645.986.556 2.6 2.085.074 1.4 
Fuel and power rented 1,645,986 556 6.5 2,985,974 1.5 Value added by mfr 25,041,698 490 0.1 153,365,850 72.3 
Wages paid 10,533,400,340 ‘3.7 66,178,969 43.2 Wages paid 10.533, 400,340 16.9 66.178.969 1.2 
Salaries paid 2,892,371,494 11.6 18,037 856 11.8 Salaries paid 2.892,371,494 1.6 18,037 S56 8&5 
Contract work 464,403,700 1.9 1,469 S44 1.0 Contract work 464,403,700 0.7 1,409 S44 0 7 
Rents 212,043,089 0.8 476,353 0.2 Rents 212,043,089 0.3 476.353 0.3 i 
‘Taxes—federal 1,790,197 060 7.1 15,755,796 10.3 Taxes —federal 1.790.197 060 2 9 15.755.796 7.4 ; 
Taxe state 289,172,297 | 2,083,106 1.4 Taxes—state 289,172,297 0.5 2,083,106 1.0 : 
Residue 8,860,110.510 35.3 49 363,926 32.1 Residue S S60.L10.510 14.2 $10 3603 026 23.2 , 
Interest on cap. @ 7% 3,119,101,563 12.4 16,172,789 10.5 Interest on cap. @ 7° $119, 101,563 9.0 16,172,789 7.6 
Net Residue $ 5,741,008,947 22.9 $ 33,191,137 21.6 Net Residue $ 5,741,008,947 9.2 $ 33,191,137 15.6 
The item of added value TABLE4 FIGURES CLASSIFIED ACCORDING TO SIZE OF SHOPS 
is the index of manufactur- Machine Tools 
° ° rms: s All Shops $20,000 & $20.00 to $100,000 to $500,000 to Over 
Ing activity. rhis item ex- Under $100,000 $500,000 $1,000,000 $1.000.000 
cludes material from the No. of establishments 4103 66 110 134 41 52 ; 
rns ° Per cent 100 16.4 27.3 33.2 10.2 29 ' 
total value. The manufac- No. of wage earners 53,111 245 1,941 8,162 7,235 528 
‘ey’s f ti j On- Per cent. 100 5/10 3.7 15.3 13.6 66.9 
ture! function 1s Povaat Per shop 132 4 Is 61 17¢ 68 
vert material into finishe« Capital Distributed by i Val 9031.000 843 $693.120 $6.469.116 $34.655.976 $30 266.219 $158,955.41 
product. Of this added us cond 100 3/10 2.8 15 13.1 iS_8 
- . . achine- a). Per shop 573,298 10,500 AS SLO 258.634 738.200 056.834 
value the machine-tool sal ee ee ane + 350 9'399 339 1246 4183 ‘474 
ary roll was only l ] per Value of product 212,400,158 615,394 6,026,556 $1,759,941 7 S56.054 146.142. 213 
. . ee See Per cent 100 3/10 2.8 15 13.1 68.8 
cent while the average was Per shop 527.047 9.32 4,786 37,015 679,41 2,.810,42 
. - ae S vide rhe Per wage earner 3,999 2.511 $105 i891 tA 4.113 
16 pel cent, So evid ntly he Materials & power 59,034,308 230,752 2,049, 589 10,271,346 7 S44 un 8.636.035 
was not extravagant in that Per cent 100 0.4 35 i7°3 13 2 an 4 
° Per shop 146.486 3.407 18.632 7H.651 191 380 13 Om 
particular. Per wage earner 1,111 942 1,055 1,258 1,085 Os 
‘tor taki F tha Value added by mfr 153,365,850 84.642 176 967 21,488,595 20 000 464 7 506.18 
Aitet taking out ol the Per cont < 100 0.3 02.6 14 i) 70 
total value all the amounts Per shop 380.561 5.858 36.154 160.385 45S ( 2 O67 4 
‘fied. there still remains Per wage earnet 2,887 1,570 2,048 2,632 2,765 
specifier , there su remains Wasen ner i hy % No 66.178 969 104.423 415.532 10.165.090 0.020.194 ‘4 
5 als Yay slonatec as o ; J ao 
a balance - de ign ite 1 i Per shop 164.215 1613 21.960 75.858 220.000 S514 
“residue for want or a Per wage earner. | 1,246 1,246 1.246 1,246 1.246 24 
better term As the census Remainder For oe and 87,186,881 80,219 1,561,435 11,323,505 10,989,270 232,4 
. . . oh 
ae : Per cent 100 1/10 1.8 12.7 12.8 724 
figure do , not Bo into Salaries Distributed 18,037 856 18.038 24,861 2 290,808 2.308.845 05.4 
further detail, we can only Contract W. H by % ol 1,469,844 1,470 26,457 186,670 188.140 1 067.1 
. Ree | . Rents Remainder $76,353 176 S574 60,406 60.974 S458 
Say that this resiaue still Taxes—federal for Expense 15.755.796 15.755 83 BOS 2 000 986 2.016 742 11.4387 
includes costs like deprecia- T@xes—state and Profit £,083,106 2,083 57 496 264,954 266,638 1,512 
tion, obsolescence, insur- Total $ 37,822,955 $ 37,822 S$ 680,813 $ 4,803,514 $ 4.841.339 $ 27,4594 
d 2 "eid Per shop 93.853 573 6.189 35.847 118.081 rs 
ance, advertising repairs, See Waae commas 712 ind 50) 5383 8G9 > 
interes ors ate au- Residue 19,363,926 42.397 880.622 6.519.991 6,147,931 5,772.98 
intere t, | gal, patent, au Int. on capital @ 7% 16,172,789 iS,518 152.838 2,425,919 2,118,635 11,1268 
diting, traveling, and all 
Net Residue $ 33,191,137 6,121 $ 427,784 $ 4,094,072 S$ 4.029.2% S 24 646 
other expenses not covered Per cent 100 0 13 12 4 12 1 74 
, > enecifie IYNeENnceac Per shop 82,360 92 SSO 30,552 98 275 i7 
by the pecifie expenses See teens enmanr 624 24 290 st as 
mentioned. It would be ¢ 
proper to deduct from this ‘. 
“sid TABLE 5 RATIO OF ALL ITEMS TO;TOTALS, PE 
an allowance for interest on rAl rlo I S TO;TOTALS, PER_CEN'1 
. . . o— — All Industries - Machine ' Tools 
“ al which in 1919 ; 
. pital ' - . at 20M & 20M to 100M to590M to Over 20M &720M to” 100M to 500Mto © 
the going rate Was easily ‘ Totals Under 100M 500M L0OOM = 1O000M Totals Under 100M ; SOOM LOOOM = =100% ‘ 
per cent. This would allow No. of establishments —- 87 68 13.7 -—. st OZ!UCUS 8D oF 8610.2 = 12 
= “t No. of wage earners 100 3.2 j 18.9 12.3 9 100 0.5 7 15.3 13.6 tit 
the average shop $19,720 Capital employed 100 1.8 5.7 14.4 10.4 67.7 100 0.3 2 8 In 0 131 BR 
1 tl achine 1 sh Value of product 100 1.8 5.7 14.4 10.4 67.7 100 0.3 2.8 150 13.1 6S 
and the machine-tool s 10p Material & power 100 1.2 1.9 13.0 9.6 71.3 100 04 3.5 17 13.2 ‘ 
$82.361. From the “ner Value added by mfr 100 2.6 7.0 16.6 11.5 62.3 100 0.3 2.6 14.0 13.0 7 
” ’ an A Wages paid 100 3.2 8.7 is.9 12.3 “9 100 0.5 hs 15.3 13.6 tit x 
wage earner’ figures we _ Salaries, rents, } } 
. Contract wk » 100 0.1 1 12.7 2.8 72.6 2 7 { ( 
note that the machine-tool cers el ® state ‘ ’ : , ae ; 14.9 11.0 hy 
builder used $600 less Residue (net) 100 2.3 8 15.2 11.2 65.5 100 0 12a 12.4 12.1 7 
3 it 
capital than the average. by 
The average manufacturer took $4100 worth of material and fuel Table 4 is an attempt to get the residue down to a “per 
per wage earner in 1919, and by processing added to it $2752 worth earner’’ basis, by classes according to the size of the establishm: ine 
of utility, or 66 per cent. But the creative machine-tool builder Deducting wages from added value shows a still greater concent n 
took $1100 of material per wage earner and added $2887 or 262 per tion of the remainder in the large shops. We next distribut« all 
cent of utility to it. As the real function of all manufacturers isto salaries, taxes, ete., in proportion to this last balance. This is TI 
add utility, it would seem fair to compare them by using, asa base, overloading the small shop with Federal taxes that it may not qu 
the value added. Table 2 reduces the various factors to a percen- paid, as its earnings were smaller per man and it had an exemption shi 
tage of this base. From this we deduce that to produce $100 of of $2000. On the other hand, there is some counterbalance t: 5 to 
added value at the market price of his goods, the average manufac- overload, because the overhead per wage earner is larger i SO 
turer employed $177 of capital against the machine-tool builder’s small shops than in the large ones. This is true in spite « thi 
$150. The average used $149 of material against the machine- notions of many proprietors of small shops and officers of ll mo 
tool builder’s $38. It cost them both about the same in expenses corporations who do not pay themselves the salaries they eld der 
specified, except that Federal taxes took $3 more out of the machine- earn elsewhere, and thereby deceive themselves into thinking ir box 
tool builder. If now we allot 7 per cent interest on the capital in- overhead is low. On the whole, the method here used probs !ls the 
vested in each case, the average manufacturer got a net residue gives them a better showing in wages, in expense items, and in res- mo. 
somewhat greater than the machine-tool builder. idue per wage earner than the facts warrant. the 
ry ‘ 4 4 _ . . . . . 
lable 3 gives the various components of total value, and shows From these figures some interesting suggestions arise as to ma- ( 
the machine-tool builder as having a larger percentage of residue. chine-tool builders. Note the small residue per wage earner |cit 1D tor 
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shops below the $100,000 line, which is not enough to pay interest, 
to say nothing of allowing for other expenses and profit. The men 
who have these small shops seem to be taking a very long chance 
that they can ill afford to take. Yet 44 per cent of the machine- 
tool builders were doing that very thing 

It is worth noting that although machine-tool shops must employ 
a highly skilled force of wage earners, and their force is larger in 
each class than the average, still in each class the residue per wage 
earner was less than the average, though this residue increases with 
the size of the shop, as we would expect. 

Table 5 throws some interesting light on the concentration of 
ndustry in large establishments. The net residue percentage for 
each class compared to the percentage of number of establishments 
would indicate that while a larger proportion of machine-tool shops 
ire in the million-dollar class, and while the proportion of net res- 
idue is also higher in this class of machine-tool shops than for all 
ndustries, the relative concentration is over three times greater 

: all industries than in the machine-tool industry. 

Table 5 shows that while small shops are numerous, the greatest 

lk of production is effected in shops turning out $1.000.000 worth 

product or more. While the shops turning out less than $100,000 

er vear are nearly SO per cent of the general total, they employ 
ly 12 per cent ol the wage earners, to say nothing of the mass of 
Then thev succeed 
producing less than 10 per cent of the added value. The small 
chine-tool shops, almost 14 per cent of the number, produce 


roprietors, ete., not listed as wage earners 


3 per cent of the added value with their proprietors and 4 per 

t of the wage earners 

Note the concentration of 70 per cent of the added value in about 

per cent of the machine-tool shops that averaged $2,000,000 of 

led value and $3,000,000 of capital. Nobody ordered this con- 

tration, it developed very naturally. Consolidations have been 

few in the industry; it got its million-dollar shops, its half- 

on dollar shops and its hundred-thousand dollar shops by 
grinding thrift and hard work. 

The high level of management in the machine-tool business is 
ited by the fact that 13 per cent of the machine-tool builders 
n the $2,000,000 group of value adders, whereas only 3! /5 per 
of the average manufacturers are in the $500,000 class More- 
10 per cent of the machine-tool men are in the $500,000 class 
pared to 3 per cent of average manufacturers in the $300,000 

Again, 33 per cent of machine-tool men are in the $250,000 

while only 13 per cent of average manufacturers are in the 
$100,000 class. And only 44 per cent of adventurous machine- 
uilders are in the two lower classes compared with 79 per 
f all manufacturers in those classes, and the figures seem to 
ite that such small shops must have very hard sledding in 
ichine-tool business. 


PROBLEMS OF MANAGEMENT OF MACHINE-TOOL SHOPS 


fluctuating nature of the demand for machine tools creates 


Sel problems in different stages of the business cycle. It is 
e\ t that the more regular an industry's demand, the lower can 
be costs and the easier its managerial problems. The peculiar- 
it) f human nature as manifested in business cycles compel the 
builder of machine tools to face relatively short and sharp peaks of 
activity, followed by relatively long and deep depressions. The 
industry has a naturally bad load factor for some very human 
rea The first is that most people do not look very far ahead, 
and inost machine-tool users are no different in that particular. 
Therefore, comparatively few users forecast their machine-tool re- 
quirements to any great extent. Ina period of depression the user’s 
shop is more or less idle, and he has more than enough machinery 
to s ly the restricted demand for his own goods. He is mentally 
80 depressed by dull business that he cannot bring himself to even 
think of a time just a few months ahead when his business will be 
more active, when the natural growth of population and wants will 
demand more of his goods than he was able to make in his last 
boon Not forecasting what the future has in store, and how long 
the depression in his own business will last, he simply will not spend 
money on plant improvements when he could be making them to 
the t advantage. 

Consider now the difficulties of the machine-tool builder in trying 
to regulate his operations. At the height of his own previous boom 
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he had as full a force of men as he could get, working night and day 
He had also a lot of contracts out for castings und other material. 
placed far in advance, in large quantity, at high prices, to be able 
to supply his customers’ wants without delay. Even though he 
had been quoting six to eighteen months’ delivery, his orders had 
been piling in on him with increasing speed. When his orders began 
to fall off he had this large impending inventory thrown on his 
shoulders. Then he got many cancellations, from those who should 
have been compelled to live up to their contracts. If he was un- 
wise enough to accept them he was stuck with large inventories 
in all stages of completion, but without sale 

Being of the adventurous rather than of the prudent type, and 
of the inventive rather than of the commercial turn of mind, hi 
had not given much consideration to the progress ol the business 
evcle. As the economics of the cycle had not been pointed out to 
him, he did not realize that his industry is among the first to slump 
In a evel , and that the slump in machine-tool orders is merely on 
of the signs of coming trouble elsewhere. He took counsel of hope 
rather than of prudence It had cost him so much in money and 
effort to get his working force together that he hated to break it 
up. If his product was not of a type built only to order, he kept 
on working and built stock instead of shutting down his plant 
Then, too, he had a goodly share of that human sympathy that 
leads any decent employer to keep his men employed as long a 
possible rather than to throw them out of work Looking back 
now he realizes that it would have been better both for his men and 
for himself to have shut down as his orders were filled, and to have 
waited to build his stock at the 
than at the crest of a boom 


bottom of the depression rather 


When his own financial strength was threatened, even the most 
adventurous and sympathetic could no longer keep on producing, 
at high costs, machines for which there was no sale at any price 
So the industry finally had to do late what it should have don¢ 
early in the slump, that is, shut down and wait for improvement 
in conditions in other lines to revive demand for machine tools 

Not only is the period of carry over likely to be long, but another 
That dan- 
Necessity is the mother of 


danger of carrying large stocks must be reckoned with 
ger lies in obsolescence of designs. 
invention, and the necessity of getting work for idle shops always 
produces a good-sized family of new and improved designs after 
When these are brought 
forth, their greater utility to the user kills the demand for the older 
types. 


a depression has been on for some time. 


In a depression, machines of new design can ge nerally be 
Even if 
not obsolesce nt the re plac ment cost of the older type is less ina 


made for less than the old types had cost in the boom. 
depression that it was in the boom. Some competitor who has no 
knowledge of unchangeable economic facts is almost certain to 
hatch the bright idk a that hy making very low price s while his com- 
petitors are asleep, he can get a much larger participation out of 
a dull market than his natural participation had been in a more 
active market. He thinks he can thereby carry some of his over- 
head at their expense. But as the competitors are not asleep, this 
All have a natural 
desire to keep their own places in the sun and they meet his low 
While 
all these factors lead to great losses in a depression, the low price 
do not lead to much, if any, stimulation of sales. 

For 15 months in the last two years machine-tool-sales volume 
was down to less than 15 per cent of what it had been in the first 
quarter of 1920. For 32 months past the demand has averaged 
about 23 per cent of that figure. In some cases prices were made 
that would just about cover material and labor, in attempting to 
coax out orders enough to hold a force of good men together. 
people think that because demand for cheap automobiles can be 
stimulated by slight reductions in price, the demand for machine 
tools acts in the same way. The cheaper the automobile, however 
the wider is the stratum of demand it can tap, until a saturation 
point is reached. 


bright idea fails to get the anticipated results. 


prices and all get that much less to carry overhead with. 


Some 


Because of these long periods of depression through which the 
machine-tool builder must carry his plant and organization, he 
must put a heavy stand-by charge on his goods. He must cover 
this cost of necessary idleness—over which he has no control—by 
accumulating a reserve in good times out of which to draw in bad 
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The Development 


ot Machine Tools 


By DEXTER 8. KIMBALL,! ITHACA, N. Y. 


N THESE days of many books and much learning we are prone 

to overlook or forget the fact that man’s upward progress in 
all times has been dependent primarily upon the tools and me- 
chanical appliances at his command. Originally little better than 
the beasts of the field, man lifted himself from their company by 
discovering the use and control of fire, and with the invention 
of the bow and arrow he began to assume his lordship over all 
created living things. The ability to make pottery advanced him 
from savagery to barbarism, and the domestication of animals gave 
him a supply of physical strength far greater than his own to assist 
him in conquering an unfriendly environment. 

The ability to smelt copper and tin into bronze gave him tools 
and weapons of greatly increased efficiency and enabled him to 
establish himself securely in permanent habitations where he could 
ill the soil, tend his herds, and have some leisure for thought. 
From this opportunity to think came the alphabet and written 
language, and with this ability to record and transmit his thoughts 
came civilization. Finally the discovery of iron and steel and of 
almost unlimited power from coal and water power have enabled 
this master animal to push his ideas of civilization to a height un- 
dreamed of by his ancestors, and it has not been possible to pre- 
dict what the end may be. 

Man is distinguished, therefore, from other inhabitants of the 
animal world principally by his power to make and use tools and 
with their aid to subdue his physical surroundings to satisfy his 
These tools are of two distinct kinds. First come those 
that he has developed to supplement his own puny strength and 
to increase his effectiveness. The story of the development of 
power-supplying devices from the first crude hatchet to the monster 
power stations of today is in itself an epic unequaled by anything 
else except, perhaps, the parallel development of the art of trans- 
mitting intelligence. The story of man’s progress from signaling 
with fire or smoke to modern radiotelephony is without doubt 
man’s most spectacular achievement as it is also one of his most 
useful accomplishments. 

But a supply of power of itself alone would not have been suffi- 
cient for man’s needs. Methods of utilizing and guiding this 
power so that it would perform useful work were essential re- 
quirements for progress. Of a necessity machines were needed 
that would perform the operations of industry as well or better 
than they could be performed by the human hand. The second 
great division of this field, therefore, comprises the tools that in- 
volve “transfer of skill.” Practically all tools that are actually 
used in productive processes involve this principle. The stone ax, 
the bow and arrow, and all handicraft tools have come into being 
in answer to a desire on the part of some one to improve his product 
in quality or quantity by the aid of some one of these implements. 

Until the middle of the eighteenth century the use of tools as 
then developed still required a considerable degree of skill on the 
part of those operating them. The tool was still only an adjunet 
to the skill of the worker. About that time, however, a series of 
interesting inventions demonstrated the possibility of making 
machines involving such a large transfer of skill as to make the 
worker an adjunct to the machine in many industrial processes. 
This is the essence of the Industrial Revolution, so called, and today 
automatic machines that perform the necessary operations with 
little or no human aid are in common use. 

Back of the amazing array of productive tools and processes 
that now fill the land, stand a group of tools that are in a class by 
themselves. These may be called the “Master Tools of Industry” 
since the production of all other tools and processes, in the construc- 
tion of which metal working is a necessity, depends upon the po- 


needs. 


1 Dean, College of Engineering, Cornell University, Past-Pres. Am. 
Soc.M.E. 
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session of some or all of these tools. This group consists of the 
lathe, the planer, the drilling machine, the boring mill, the milling 
machine, and the grinding machine, with their several modificea- 
tions and derivatives. They constitute the group commonly 
known as “machine tools” and are familiar to all who are acquainted 
with machine production. This group of tools are worthy of 
special notice for they are basic implements and, as formerly re- 
marked, accurate machine construction of all kinds depends ab- 
solutely upon them. 

The primitiveness and inaccuracy of the machine tools in use 
when Watt began to build his steam engines are almost unbeliev- 
able. We find him complaining of one of his steam cylinders that 
“at the worst place the long diameter exceeds the short by three- 
eighths of an inch” and there is much other evidence that indicates 
similar crudity in all machine processes. 
these crude beginnings to the modern standards of accuracy and 
output is something of which every engineer may well feel proud. 
It is difficult always to give due credit for great improvements in 
any line to all who have contributed to the accomplished result. 
Great inventions, so called, are usually the result of a long train 
of thought and experiment on the part of many men. But it is 
customary to give the greatest credit to the man who first makes a 
great idea a real working possibility. 


The development from 


lor this reason there are a 
few outstanding men among those who brought this great change 
about, though undoubtedly the ideas they put into practical work- 
ing machines had occupied the minds of many of their predecessors 
Wilkinson’s boring machine solved Watt's difficulties so that 
Boulton writes of a fifty-inch cylinder that “does not err the thick 
And there are many other 
names among these old pioneer English mechanics that should 
be held in everlasting remembrance when the names of all great 
warriors have been forgotten. 


ness of an old shilling in any part.” 


OUTSTANDING NAMES IN MacuiNne-Toon History 


There are, in the history of machine-tool development, thre 
names that stand out in bold relief. The first of these is Henry 
Maudslay, who was born in 1771. Of the many inventions and 
improvements in machinery that came from this master mind 
the most important is the slide rest and its combination with tl 
lead screw and change gears whereby threads could be machined 
Until Maudslay’s time the turning of metal had been accomplish« 
by hand tools. In fact, this method persisted for many years aft 
his day and there is now preserved in the roorms of The American 
Society of Mechanical Engineers a turning tool that was used by 
the late John Fritz not so many years ago. Maudslay finished 
the sides of his lathe bed and mounted upon it a saddle exact 
as used on modern lathes, this saddle carrying a cross-slide in whi 
the tool was rigidly held. The saddle was actuated by a lead se: 
and change gears as in all modern lathes. As Professor Roe tr 
says, “Too much value cannot be placed upor the slide rest and its 
combination with a lead screw operated by change gears. It 1s 
used in some form in almost every machine tool and is one of 
great inventions of history.”” Maudslay’s improvements consti- 
tuted a transfer of skill that did much to start the modern industrial 
era. 

The second great improvement in machine tools was the ap)li- 
cation of the turret to the slide rest so that a series of operations 
can be performed repeatedly without resetting the cutting tools 
Here again we have an idea that was undoubtedly an old om 
but it remained for an American, Henry David Stone, to make tt 
a working possibility in the turret lathe built by him in 15%. 
Stone’s first semi-automatic turret lathe carried four cutting tools 
on the cross-slide and six in the turret. His improvements rank 
in importance with those of Maudslay and they made possible 
most of the modern semi-automatic machine tools. Lastly came 
the invention of the universal cam or “brain wheel” by another 
American, Christopher Mines Spencer, which provided an automate 
control for the combination of Maudslay’s slide rest and Stones 
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Effect of Variations in Design of Milling Cutters 


On Power Requirements and Capacity 


By BENJAMIN P. GRAVES! 
Hl: rapid development of the milling machine during the 
last two decades into a leading position in heavy machine 
work has brought about many improvements in the design 

f milling cutters. The old cutters with many teeth, no rake angle 

ind a small spiral angle were very inefficient from a power stand- 





point, and it was only about twelve wears ago, following the deliv- 

ery Ol a paper before the Soci ty on Milling Cutters and Their F-ffi- 
enecy by A. L. DeLeeuw-’ that “‘coarse-tooth” cutters having Tew 

teeth, a moderate rake angle, and a much larger spiral angle began 
replace the earlier type. 

While these cutters rapidly came into almost universal use for 
production work, little further was done to put the subject on a sci- 
entific basis until 1921 when the report of an elaborate piece of re- 
earch work was presented before the annual meeting of the Society 

Prof. John Airey and Carl J. Oxford. Some of the conclusions 
hich they presented differed so greatly from present practice that 
seemed desirable to undertake a series of investigations at 
nt of the Brown & Sharpe Mfg. Co 
inges in the design of milling cutters 


the 

to determine the effect of 

The results obtained are 

resented in this paper, which comprises a study of the effect of 

nges in the number of teeth, spiral angle, rake angle, and cut- 

g speed of the cutter on power consumption, tendency to chatter, 
i stresses set up in the tnachine, 


CHoIce OF METHODS 


ihe first conside ration in the choles ol methods to be followed 

that all tests as far as possible should be made under actual 

» conditions, using, however, sufficient refinement of measure- 

t to give a high degree of accuracy in the results. On the other 

1, as cutters and not machines were to be compared, any varia- 

due to the machine alone must be eliminated. It therefore 

seemed best to make most of the tests with the work held rigidly on 

milling-machine table and to determine the power used by the 

cutter from the figures of the input into the motors driving the 
n ine. 





old-style Brown & Sharpe No. 3 heavy plain milling machine 


WI! a constant-speed drive shaft was available for the tests. 
Uy the table of this machine a fixture was placed into which dove- 
tailed steel specimens 6 in. wide and 18 in. long could be fastened by 


Ine of a gil. 


This made about as rigid a means of support as could 
be vised. 


The cutters were also rigidly held as they were keyed 
on to a 1'/-in. arbor, arbor supports were used on both sides of 
itter, and the outside braces were bolted during all of the 


test In this way errors due to distortion or vibration in the 

: n ne or arbor were eliminated as far as possible. 

MEASUREMENT OF Power Usep By CUTTER 

The power figures desired in making comparisons between cut- 
ters are the amounts required by the cutters alone and should not 
I- include the friction losses in the machine unless the friction has 
. some direct relation to the pressure exerted or power required by 
; the cutter. The problem is complicated by the fact that the power 


delivered to the milling machine is divided between a slow-moving 


13 : ; ; : 
t table and a cutter running at a relatively high speed. Furthermore, 
58 these two drives are of widely different efficiencies. 
Is 7 
nk ' Milling-Machine Engineer, Brown & Sharpe Mfg. Co. 
isle * Associate Professor of Mechanical Engineering, Brown University. 
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AND JAMES \ 


A Study of the Effect of Changes in the Number of Teeth, Spiral Angle, Rake Angle, and Cutting Speed 
of the Cutter on Power Consumption, Tendency to Chatter, and Stresses Set Up in the Machine 


HALL,*? PROVIDENCE, R. I 
The first step toward getting definite information concerning powet 


require ments Was obviously to drive the spindle and table by 
arate motors 


\ prony brake was then placed on the arbor and a 
series of tests run to get the efficiency of the spindle drive at differ- 
ent capacities and speeds. The power input required to run t! 
at no load varied slightly with th 
of lubrication. 


arbor conditio 
The brake-horsepower output, however, was alwa 

nearly the same for any added kilowatt input ove! the no-load read- 
ing. A horsepower-kilowatt curve was then drawn where the powe1 
delivered to the arbor was one coérdinate 


spec d and 


, and the difference be 
tween the no-load kilowatt reading and the reading under 
the other. 


load 
One objection to the above method might be that 
the pressures between the arbor bushings and arbor supports ar 
much greater under cut than on a prony-brake test and that the 
authors have charged this friction loss to the cutter. However, not 
only is this a very small amount but it is one that is pro) 
charged to the cutter rather than to the 

The proper treatment ot 


nore difficult proble m 


machine 
the power required by the table i 

Here the no-load kilowatt reading includ 

the motor losses and the friction losses in all of the bearings up to thy 
table clutch, and these losses remain nearly constant for all loads 
The additional power required when the table is operating under 
load is not only that needed to overcome the pressure of the cut 
ter, but a much greater amount due to the friction loss in the 


the lead 
screw and thrust bearing caused by that pressure. As this 


Iniction 


varies with the pressure, it seems obvious that it should be charged 
against the cutter if conditions calling for different pressures are to 


be compared. The authors therefore took as the net power re- 
quired by the table the difference between the motor output undet 
load and that when driving the feed mechanism alone 
Any milling-machine table drive is necessarily of low efficiency 
due to the fact that the table must not continue to move and drive the 
lead screw This limits the 


efficiency of the drive to a reasonable margin of satety below 50 


after the table clutch is thrown out. 


per cent when operating on a high-speed return and of course gives 
a much lower figure at cutting speeds. This low efficiency makes lit- 
tle difference under ordinary conditions as a very small proportion of 
the total power of the machine is taken by the table. This would 
be changed if the practice of using low cutting speeds were carried 
to an extreme. Considerable attention was paid to this condi- 
tion in the tests and it is further discussed later in the paper. 


CUTTERS 
High-speed-steel cutters 3'/> in. in diameter were used on prac- 
tically all of the tests, the only exception being a few tests with two 
6-in. side milling cutters. All of the 3'/s-in. cutters used in the 
tests to determine the effect of the number of teeth had 30-deg. spi- 
ral angles and 10-deg. rake angles. As the formula derived by 
Professor Airey and Mr. Oxford called for 20 teeth in such a cutter, 
this was put at one end of the series, a Brown & Sharpe standard 
cutter with eight teeth came in the middle, and a four-tooth 
cutter was added to give an extreme condition of coarse spacing. A 
number of tests were also made with a 10-tooth cutter. Addi- 
tional comparisons were made between the two 6-in. side milling- 
cutters, one of which had 12 teeth and the other 26 teeth, or two 
less than given by the formula mentioned above. The latter cut- 
ter was '*/,, in. wide and the former 1 in., but otherwise they were 
exactly alike. 

Other sets of cutters alike in every particular except the element 
to be studied were used in the tests to determine the effect of varia- 
tions in spiral angle and rake angle. 
given in the discussion of the results. 


The sizes of these cutters are 
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Meta Usep IN THE TEstTs 


As the only object of the investigation was to compare cutters, 
mild steel was used in all the tests. This was done to enable the 
authors to make enough cuts to be sure of their results and to elim- 
inate as far as possible variations due to lack of uniformity in the 
metal being cut. Fortunately most of the tests were made on 
blocks which were fairly uniform. The tabulation of the figures 
on the study of spiral angle, however, showed certain unexpected 
results occurring somewhat uniformly throughout the tests. A little 
later a cut was taken along the full length of the 18-in. block, the 





depth, feed, and speed being held constant throughout. The 
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Material cut, mild steel; width of cut, 5.5in.; depth of cut, 0.200 in 


average power required was about six horsepower and the maximum 
variation was over seven per cent. A repetition of this cut gave the 
same variations at the same places, showing that it was not acci- 
dental. In the authors’ studies enough tests had been made so 
that the average gave results which could be reasonably depended 
upon. However, this shows how much faith can be placed on the 
results of tests to determine small variations in power unless a con- 
siderable number of runs are made or unless steps are taken to elim- 
inate the effect of these variations on the results. 

The properties of the steel in all the specimens used in the tests 
were about the same with the exception of the '/;in. bar. The 
values for tests on specimens 0.505 in. in diameter and 2 in. long 
are given below: 


1/-in. Bar Other Specimens 


Elastic limit, lb. per sq. in... 50,300 42,000 
Breaking load, lb. per sq. in... 73,500 68,000 
Elongation, per cent............. 34 35 
Reduction of area, per cent 9 62 62 
ID cack casiae timaiee.s 126 126 


MetTHOop oF MAKING TESTS 


A light cut was always taken along the specimen before starting 
any test to guarantee that the depth of cut would be constant. 
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The table was then fed up the desired amount, and from two to 
six tests were made at this depth of cut in the 18 in. of length of 
the block. At the end of the first cut the table was run back and 
the depth of cut checked. The exact figure for the feed was de- 
termined by taking the time with a stop watch and measuring 
roughly the distance traveled with a steel scale and correcting this 
figure to the thousandth of an inch by reading the dial on the lead- 
screw handwheel. In this way the exact amount of metal removed 
per minute was determined. 

The electrical instruments were carefully calibrated before start- 
ing the investigation and found to be practically correct over their 
whole range. Before and after each test, readings were taken to 
determine the friction load and several readings were made during 
The differ- 
ences between the readings under load and the no-load figures mul- 
tiplied by the proper constants gave the horsepower delivered to the 
cutter arbor and to the table lead screw. 

A number of tests were also made on aspecial fixture to measure 
horizontal and vertical pressures by use of two Kenerson traction 
dynamometers. ‘This was mounted on the table of the machine and 
calibrated in position by the application of known weights. The 
method of making these tests was exactly the same as in the others 


the test to determine if the power remained constant. 
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(Material cut, mild steel; width of cut, 0.535 in.; depth of cut, 0.200 in. at 4K 


n. as indicated in figure 


except that the reading of two dynamometers was added. for 
moderate cuts this apparatus combined in a high degree rigidity ané 
accuracy, and gave some very interesting results. 

As far as possible comparative tests on different cutters were !ad 
on the same block of steel and their order was arranged so that 
corresponding runs came as nearly as possible at similar po> !10DS 
on the the block. In this way errors due to lack of uniformity 
the metal were reduced to a minimum. 

The results are plotted in the form of curves having as one ¢& 
ordinate either horsepower per cubic inch per minute or prcssur 
along the table. The former figure is used instead of the mor 
common cubic inches per horsepower, as in some cases the sum 0 
the cutter and table power is given as well as the cutter powe’ 
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alone. For the other coérdinate cubic inches per minute, feed per 
tooth, or maximum chip thickness are used. The latter quantity 
was used extensively in the paper by Professor Airey and Mr. 
Oxford, and they claim that the power required per cubic inch of 





metal per minute will be the same for the same maximum chip 
thickness for all cutters having similarly shaped teeth irrespective 
of the number of teeth. 


krrect OF NUMBER OF TEETH IN CUTTER 


Several groups of tests were run in the studies of the effect of 
varying the number of teeth in the cutter. In the first group the 
peed and depth of cut were kept constant and the feed varied. 
Phis of course varied the chip per tooth and the output in cubic 
nches per minute and gave the comparison between cutters where 
qual finish is required for corresponding capacities. The second 
roup contains tests where the feed and depth of cut were kept con- 
tant and the cutting speed varied. 





This gave a constant output 
lor the same feed per tooth the 
finish is secured with the coarsest-tooth cutter. In 
‘third group the depth of cut was kept constant and the cutting 
eed varied with the feed so as to give a constant chip per tooth 
he output of course varied with the speed. 


nd a variable chip per tooth. 
st surlace 


This made a good study 
the effect of the cutting speed on power requirements. 
rhe tests in the first group are plotted in Figs. 1 to 4, each set 
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For ol tests being made with a different width or depth of cut. These 
ind show that for the same cutting speed the cutter with the smaller 
humber of teeth always takes less power and that this difference 
ule Ss more noticeable on wide cuts. Moreover the fine-tooth cutter 
hat give considerable trouble from chatter on these cuts, especially 
ons When the depth was 0.200 in., where it was impossible to use it 
y il beyond a limited capacity. This shows that the width of the work 


iS a necessary factor in the determination of the number of teeth in 
. the cutter 
» CO Se 


sure In a number of the tests plotted in Figs. 3 and 4 the fine-tooth 
nore cutter was run at approximately half the standard speed to see what 
m ol effect this had on power consumption. When compared on the basis 


owe! 
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of cutter power alone, the slower speed showed a saving but not 
enough to bring it down to the coarse-tooth cutter. When the tabl 
power was added to the cutter power as was done in several tests in 
Fig. 4, the relative advantage of the slower cutting speed practi 
cally disappeared. 

The real criterion of the effect of chip size on power requirement 
can best be determined from tests where the feed per tooth is vari: 
ble but the output Is constant. The st cond group ol tests Was car- 
ried on with this point in view and some of the results are plotted 
in Figs 5 and 6 These show that the power efficiency is greate! 


with coarser-tooth cutters even when compared on a chip-per 


tooth basis and when o1 ly the power! required by the cutter j 
: END 
rn | 4 
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Material cut, mild steel; width of cut, 5.5 in.; depth of cut, 0. 
considered When the table power is added to the cutter powel 


vivantage of the coarse-tooth cutter is even more apparent 
An interesting point about these curves is that the sum of the cut 
ter and table power comes to a minimum as the cutting speed is r 


duced, alter which the table power increases more rapidly than Lie 


cutter power is reduced by the increased size of the chips Chis 
point will be referred to again a little later 
Fig. 7 gives the results of a series of tests where the horizontal 


different 
speeds and two different outputs for each of five cutters. 


thrust along the table was measured at several eutting 


As the 
depth of cut was small, the power required by the cutter is prac- 
tically equal to the product of the 
velocity of the cutter. This 
amount determined the 
were taken. 


pressure 
checked 


wattmete! 


multiplied by the 
the 
these 


rather closely with 


from readings where 
The first point to be noted in this figure is that the pressure 1h- 
creases as the cutting speed is decreased to give a larger feed per 
tooth. Also if two cutters with different numbers of teeth are opera- 
ted at the same total feed and also the same feed per tooth, the pres- 
sure caused by the cutter with the larger number of teeth is greater 
by a somewhat larger amount than given by the tooth ratio. The 
eight-tooth cutter is a little high on this basis, but this is due to the 
fact it was somewhat duller than the others. Machines and fixtures 
have limitations in the pressures for which they are designed, and this 
certainly limits the extent to which it is desirable to go in running 
fine-tooth cutters at slow speeds to give a large chip per tooth. 
Another point of interest is that the curves for higher feeds all 
fall below those for lower feeds when plotted on a feed-per-tooth 
basis. The main difference between these tests is that the cutting 
speed is higher for the larger feeds. This raised a question as to the 
accuracy of the assumption often made that the cutting speed has no 
effect on the energy required per cubic inch of metal removed, and a 
special series of tests were made to study the effect of this variation 
The results of these tests are presented a little later in the paper. 
The data given in Fig. 7 were plotted on logarithmic cross-section 
paper and found to form a family of curves of the equation: 
P = At'/s 


where P = horizontal pressure along table 
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t = feed per tooth, and 

A = a constant depending on cutter and feed. 
Curves of this equatic:: ave plotted in Fig. 7 to show how they con- 
form to the actual results. The number of tests involved is not 
sufficient to commit the authors absolutely to the power ‘'*/, 
but they feel sure that the correct figure is only a small amount below 
unity. In this connection it is interesting to note that the above 
figure is the one given by Frederick W. Taylor in his Art of Cut- 
ting Metals in the results of his experiments with lathe tools cut- 
ting mild steel. 

Having an equation in the above form, it is possible to calculate 
for shallow cuts the proper relation of cutting speed and _ table 
feed to give the minimum power noted in the discussion of Figs. 5 and 
6. Given 

= cutting velocity in feet per minute 
table velocity in feet per minute 
FE = efficiency of the table 
, 1 ‘ 
Horsepower = ; _- Ea : . [1] 
33000 E 
But P At? and t = Bv/V, where B = a constant depending on 
the cutter. Substituting these values in [1] and solving for the 
value of V to make the power a minimum for any given feed and 
table efficiency, 


+ 


100 x 


(l—x2E 
For example, if a M4/,;and E = 14 per cent, V = 100v. 

Equation [2] gives a limit beyond which there is no saving in 
power when the cutting speed is lowered to give coarser chips per 
tooth. 

Figs. 8 and 9 give the results of thie studies with the side milling 
cutters. The two cutters were exactly alike except for the number 
of teeth and a slight variation in width. Fig. 8 shows tests where 
the cutting speeds were so arranged that the fine-tooth cutter took 
practically the same chip per tooth as the coarse-tooth on corre- 
sponding cuts. When compared on the basis of cutter power 
alone the coarse-tooth cutter was superior, and this advantage be- 
came still more pronounced when the table power was added. In 
attempting to carry the cut of 4 cu. in. per min. with the fine- 
tooth cutter the kev in the arbor sheared, giving an illustration of the 
limitations of the machine in applying the chip-per-tooth theory. 

Other series of tests with these cutters are shown in Fig. 9, the 
comparison being on a maximum-chip-thickness basis. Here again 
the fine-tooth cutter required more power and also proved inferior 
from the standpoint of chatter, as it was impossible to carry some 
cuts with it which were taken by the coarse-tooth cutter without a 
sign of distress. 

Frequently in comparing results on a feed-per-tooth or a maxi- 
mum-chip-thickness basis the power required per cubic inch per 
minute and the pressures along the table have been less for higher 
cutting speeds. The tests shown in Fig. 10 were therefore run to 
check up this relation. A set of cutting speeds and table feeds were 
arranged so as to keep the chip per tooth nearly constant as the cut- 
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ting speed was increased. The power delivered to the cutter was 
taken from the wattmeter readings and checked by the horizontal- 
pressure figures. The results show that the horizontal pressure and 
the power required per cubic inch of metal per minute decreased as 
the cutting speed increased. The vertical pressure between cut 
ter and work remained constant. In other words, if we compare 
removing 5 cu. in. per min. at 150 ft. per min. cutting speed with re- 
moving 1 cu. in. at 30 ft. per min. from the same place with tl 
same cutter, the pressure tending to tear the piece from the fixtur 
and the horsepower required per cubic inch will both be less in tl 
first case. The explanation of this may be that the friction betwe 
cutter and work plays a much more important part in milling tha 
in lathe work and that the coefficient of friction decreases as t]} 
speed increases. 
It would doubtless seem from the foregoing that the efficiencs 
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Material cut, mild steel; width of cut, 5.5 in depth of cut, 0.050 i 


milling is increased by greater feeds per tooth. If these he 
chips are secured by using lower cutting speeds, the loss in th 
becomes greater, the cutter itself requires more power per ul 
metal than would be required for the same chip at higher speed 
and the pressures between cutter and work become greater 
answer from the standpoint of power efficiency alone is then to us 
the cutter with the fewest possible teeth and to run it at higher 
speeds where the size of the chip is too great. The limitations to this 
practice are the danger of hammer or shock due to lack of contin- 
uity of cutting and the possibility of overheating the edges « 
teeth due to the heavy pressures and high speeds. The structural 


strength of the tooth itself is not a limitation in well-designed cut- 
ters as this is practically always greater than the strength of the 
key or the arbor. The relation between the overheating of the 
edges of the teeth and the number of teeth in the cutter can only De 


settled by judgment, as no work has been done on the relat 
fect of cutting speed, volume and length of chip, ductility of the 


(Continued on page 205) 











C 
ing, 
Mex 

















The Elasticity of Pipe Bends 


By SABIN CROCKER! anpb 8 
In this paper the authors develop in detail mathematical formulas con- 
necting the deflection of different types of pipe bends with the force producing 
deflection, and also expressing the stress set up as a function of the observed 
deflection and the constants of the bend. They describe experiments made 
to check force vs. displacement, and present charts for use in selecting the 
proper size and shape of bends to take care of a given expansion, and to 
determine the force exerted by a bend when in a given state of deflection. In 
general they recommend bends of larger dimensions than are ordinarily used, 
In some cases the 
bends tested showed a greater flexibility than anticipated, due to minute 
folds formed on the compression side when bending pipe to short radius. 


and their figures are said to be on the side of safety. 


Hk use of 


turns and similar devices to furnish flexibility for expansion 


expansion loops, offsets in the line, right-angled 


and contraction in pipe lines resulting from temperature 
Such bends, which 
tilize the elasticity of the pipe itself, are very commonly used for 


anges, has been general practice for years. 


gh-pressure work in preference to slip joints, corrugated expansion 
nts, or swivel offsets in which screwed elbows are arranged to 
pipe threads. The use of pipe bends reduces internal 
tion in the piping by providing easy turns, eliminates unneces- 


rn on 


fittings and joints, and facilitates clearing other pipes and 
ictural interferences 
| p to the present time tha disposal ol expansion and contraction 
ower-plant piping has been largely a matter of judgment rather 
This has 


interest regarding the 


of rational calculation on the part of the designer. 
due to a general lack of knowledge ot 


ipl s and methods involved in ealcul iting the forces and stresses 


iting from the expansion of piping. However, if certain rather 
are brought into 
numerical values with fair 
iracy during the progress of design, and make use of this knowl- 
ve to improve the piping layout. As the drift toward higher 


m pressures and temperatures in turbine practice continues, the 


lamental principles of engineering mechanics 


it is usually possible to determine 


lem becomes more and more important. Since there is also a 
ency for the steam turbine to grow smaller relative to the size 
steam line to which it is connected, there is a danger that ex- 
e stresses will be set up in the turbine casing as a result of ex- 
in the pipe line unless the piping designer knows how to 

( ilate the forces involved. 
[he amount of expansion to be cared for in a pipe line can be 
rately computed, provided the temperature range between ex- 
hot and cold conditions, the length of pipe, and the coefficient 
pansion for the material are known. Having computed the 
t of expansion or elongation of the pipe, the problem resolves 
into dete rmining whether the piping arrangement under con- 
sideration has sufficient “spring”’ to absorb this elongation without 


producing either undue fiber stress in the material or excessive forces 
ter g to tear the piping loose from its anchors. At the same time 
th roportions of the line must be economical and be adjusted to 
clear any structural interferences in the plant. Wall thickness and 
diameter of pipe, radius of curvature, and general layout all affect 


the flexibility which can be obtained with a given run of pipe. 
rhe inadequacy of the usual methods of steam-pipe design 


has been brought forcibly to the attention of The Detroit Edison 
Company by several minor mishaps during the past few years. 
Fort itely, none of these were of a serious nature, but they did serve 
fo show that piping laid out according to the best modern practice 
may subject to forces of unexpected proportions. Thus in one 
instance unexpectedly large reactions caused a 14-in. high-pressure 


steam main to tear loose from what was supposed to be an adequate 
anchorage. This incident, and others of a somewhat similar nature, 
led those responsible for design and operation to ask themselves 
whether such failures could not be avoided by more intelligent de- 

; Piping Engineer, Detroit Edison Co., Assoc-Mem. Am.Soc.M.E. 

* Research Department, Detroit Edison Jun.Am.Soc.M.E, 

Contributed by the Power Division and presented at the Annual Meet- 
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sign. Consequently, in undertaking the design of the company’ 
Marysville power plant, where the elongation per hundred feet of 
steam pipe amounts to almost seven inches and the steam pressure 
is 300 Ib. per sq. in,, it was decided that pipe expansion must be 
Accord- 
ingly, the investigation here reported was undertaken to determin 


cared for in a rational manner if such a thing were possible. 


the fundamental relations between deflection, force resisting deflec- 
tion, and stress set up in expansion pipe bends of various shapes 
These relations were first determined mathematically, and later 
checked by physically testing bends of shapes which readily lent 
the involved. The 
results thus obtained were then applied to the more complicated 


themselves to measurement of quantities 


conditions in actual pipe lines. As a result it was possible to design 


the piping layout for the first section of the Marysville power plant, 


which has just been put in operation, so that the following results 


obtained without allowance for cold springing 


Maximum fiber stress in pipe wall 6900 Ib. per 


Maximum thrust against pipe anchorage 680 Ib 

Maximum thrust against turbine flange 580 |b 
If credit is taken for cold springing, the maximum stress and { 
given above are further reduced. These values have been obtained 


without making the expansion bends unnecessarily lat 


Previous WorkK BY OTHERS 


Before proceedit vy along independent lines an e@XTeNSIVe sé are] 


was made for existing literature, which disclosed that very littl 
had been written on the subject. However, the following articles 
are of special interest 

1 Formoenderung und Beanspruchung federnder Ausgleichroehrer 
Strains nd Stresses in Expan ion Bend ! Prof A. Bantlir Zi 
lee Vereines deutscher Ingenicure, Jan. 8, 1910, p. 43 

B kx ,of Py I Ra ( lag t, Tre { ‘ Cal T 
No. 1167, Dee., 1910 

( ] ticit 1 Ey ( Steam | | ( EB. & ! ‘ 
Engine June 19, 1914, p. 857 I paper read befor Instit 


of Naval Architects 


D Pipe Bends, Their Growing Use kfc T) } W 
Oct., 1915 (published by Crane ( 

E The Design of Pipe Bend r Ex; Pipe I IG 
Stewart, Power, May 10, 1921, p. 74 

Reference (A) deals with the comparison of physical tests and 
calculated results for bends similar to our double-offset expansion 


| -he nds 
Reference 


B) treats principally of the use of straight pipe and 


fittings in making up expansion loops. The results are in general 


similar to those of the 
Reference hs 


SeTV1ICce, due 


present authors for straight lengths of pipe. 
describes a series of failures of steam pipes in 
to repeated strains beyond the elastic limit. A set 
of formulas similar to those presented in this paper was worked out 
to show what elongations could be cared for without eventually 
producing failure. 

Reference (D) is a re port ol physical tests on pipe bends made 
by the Mechanical Department of Crane Company, 
and published in their organization paper, The Valve World. A 
series of curves deduced from their experimental data and giving the 
amount of expansion required to produce a fiber stress of 15,000 Ib. 
per sq. in in different-shaped bends was included for the use of those 
interested in pipe design. 

Reference (2) gives a method of computing fiber stress similar 
to that of Reference (C), and a chart for reading the elongation 
corresponding to 15,000 lb. per sq. in. stress for different bends. 

It is worth that while the author’s formulas were 
worked out independently of Reference (C) and before Reference 
(E) was published, all three sets are practically identical. The com- 
parison of theoretical formulas with actual test results, and the 
rather complete design graphs worked out in this paper, take the 
subject a step beyond the point reached by earlier publications. 
The fact that none of the previous investigators has published all 
of the mathematical steps leading up to his final formulas, will make 
the derivations given in the complete paper by the authors of special 
interest to any one having occasion to work with the formulas. 


I:xperts 


comment 
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Table 1 is a summary of such data published in the above ref- 
erences as were in shape to reduce to a common form for comparison 
with the work of the present authors. It will be noted that the 
formulas of References (C) and (F) agree very closely with those of 
this paper, while Reference (D), which has been widely quoted dur- 
ing the past seven years, differs considerably from the others except 
for the double-offset expansion U-bend. 
quoted from Reference (D): 


The following extract is 


\ 180-deg. or U-bend has twice the expansive value of a 90-deg. or quar- 
ter-bend of the same size and radius, and an expansion U-bend, four times 
the expansive value of a quarter-bend or twice that of a U-bend. A double- 
offset expansion U-bend has five times the expansive value of a quarter- 
bend, two and one-half times that of a U-bend, and one and one-fourth 
times that of an expansion U-bend. 


In other words, the relative 
ability of these particular bends 
to take up expansion without 
exceeding a safe stress is stated 
by Reference (D) to be in the 
ratio of 1: 2:4:5, while the eal- 
culated ratio given by Ref- 
erences (C) and (E£), and 
checked by the present authors, 
is 1:4.4 : 13.2:32.9, assuming 
that the quarter-bend is con- 
nected to the pipe line so that 
the thrust of the line acts along 
the axis of the pipe in the bend 
at the joint, as shown in Fig. 1. 

Referring to the stress index 
of Table 1, Reference (D) agrees 
quite closely with the others’ 
results for double-offset expansion U-bends, but gives much higher 
values for the expansion cared for by quarter-bends, U-bends, and 
expansion U-bends than do the others. It will also be noted that 
the stress and flexibility indexes for the double-offset expansion 
U-bend given by reference (2) differ slightly from those given 
by the present authors. This is because the two bends considered 
are not of exactly the same shape. 

A peculiarity of bends noted in Reference (A) was also observed 
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in some of the bends tested by the authors, i.e., that the elasticity 
found by test exceeded the computed elasticity. Reference (A) 
describes tests on three kinds of bends formed to a shape which 
resembles a double-offset expansion U-bend, the first variety being 
bent from solid rod stock, the second from steel pipe, while the 
third was a hollow iron casting similar to a pipe bend. Tests of the 
first and third varieties checked very closely with calculated results, 
while the bend fabricated from a straight length of pipe was found 
to be much more elastic than the calculations indicated. The ex- 
planation given in Reference (A) is that the large deflections of 
the steel pipes must be attributed chiefly to waves or folds upon 
the compressed side of the pipe. 

This conclusion is supported by the results presented here, all 
of the test bends formed to a radius of five pipe diameters or less 
having a flexibility in excess of calculated values, while, with one 
exception, those formed to a radius of six diameters or more gave 
results agreeing closely with those obtained by the formulas. This 
would seem to indicate that the excessive elasticity was due to 
puckers or folds in the pipe wall produced in the process of bending, 
the tendency being to thin the pipe wall at the outer circumfer- 











Fig. 2 Prarn U-Benpb 














TABL® 1 SUMMARY OF DATA ON PIPE BENDS 
C = Stress Index K Flexibility Index 
. oe 
C,in S =(€ DAE K,in A=K Ao 
| R? EI F 
| — Double- Double 
: Quarter} U- jsion U- wis Quarter) U- | reget ae Fic. 3 Expansion U-Benp 
Reference expan- } sion U- | expan- 
| bend bend bend | . U- bend bend | oat Vain Wh 
ion | er ion 
bend } | | bend c 
(C) C. E. Stromeyer'. . 1.404 | 0.318 | 0.106 | 0.0495 | 0.356 1.571 | 9.426 44.54 
D) Crane Co.?....... 0.2 0.1 0.05 0.04 — | _ 
(E) J. G. Stewart! 1.404 | 0.318 | 0.106 | 0.045 | 0.356 | 1.571 | 9.42 17.9 
Crocker & Sanford, } 
Calculated . 1.404 | 0.318 | 0.106 | 0.0427 | 0.356 | 1.571 9.42 29.88 
Crocker & Sanford, 
Test oan . -—— — 0.048 | 0.042 | |} 9.42 39.9 
to to | to to 
0.106 0.0427 | 20.8 40.7 
DEFINITIONS OF SYMBOLS 
C = stress index (numerical values given in left half of table). 
K = flexibility index (numerical values given in right half of table). 
S = maximum bending stress in pipe wall, lb. per sq. in. 
D = outside diameter of pipe, in. a 
R = mean radius to which bend is formed, in. ‘ 
E = modulus of elasticity (30,000,000 lb. per sq. in. for steel). 
I = moment of inertia of section, taken normal to center line of pipe of which bend is formed, in. .»» - 
F = fore causing deflection of bend, lb. 
A = deflection of flange of bend = elongation of pipe line due to change in temperature, in 
= totel expansion to be absorbed by bend, i.e., total expansion calculated for a straight run of 4h 
pipa with length equal to distance between anchors which occur nearest to bend under 
conesideration. —-; 7 


1 For references, see previous paragraphs. 
2 Formulas deduced from curves published in The Valve World, Oct., 1915 
For shape of bends see Figs. 1, 2, 3, and 4. 
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ence of the bend and form minute crinkles or waves at the inner 
circumference. These conditions are more pronounced the shorter 
the radius of curvature, and in the case of the bend described in 
teference (A), which was bent to a radius of only three to four pipe 
diameters, the waves were plainly visible. 
where the 


In American practice, 
allowable radius of curvature is limited to 
five or six pipe diameters, these waves are not so visibly evident, 


minimum 


nevertheless we may assume that they are present and have the ef- 
fect of increasing the flexibility of bends formed to too short a radius. 


l'ORMULAS AND DEsIGN GRAPHS 


\ pipe bend may be considered as a beam of special form, one 
end of which is fixed and the other end of which is free to move in 


the direction of a force acting upon it. Since the bend is an elastic 
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anchorages. In effect, it is as though a line of pipe such as that 
shown in Fig. 5 were assumed to be like that in Fig. 6, with the 
total movement due to the expansion of a straight pipe of length 
L applied at the flange B. 

For the convenience of the power-plant designer, the formulas 
for several of the standard bends are represented graphically in ligs. 
7, 8, and 9. hend, 
expansion U-bend, and the double-offset expansion U-bend with the 
forces applied as shown in the small figures on the graph and cor- 
responding to Figs. 1, 2, 3, and 4. 
in bends made up of pipe sizes up to and including 20 in., and bent 
to radii up to and including 120 in., may be read from thes 
without the necessity of solving the formulas 


The bends considered are the quarter-bend, | 


The rorces and stresses set up 


rl iphs 


Fig. 7 gives the maximum bending stress in the pipe wall of the 
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the movement of its free end will be proportional to the force 

g, within the elastic limit of the material. 
the complete paper expressions are derived for the deflection 
d the maximum bending stress S for the quarter-bend (Fig. 1), 
-bend (Fig. 2), the expansion U-bend (Fig. 3), and the double- 
expansion U-bend (Fig. 4), which are given in Table 1. 
In each case, flange A has been considered as fixed. Such a con- 
dition would exist if the line to which A is connected where anchored 
at that point, or if A were a flange at the turbine. As a matter of 
fact, the entire analysis is really based on the movement of flange B 
With respect to A, and it makes no difference whether A is actually 
fixed or is permitted to move. F is the net force with which the 
pipe line pushes against the flange B when the line is hot. For 
design purposes the total expansion to be cared for between anchor- 
ages is determined from known or assumed temperatures, length of 
pipe, and coefficient of linear expansion. The length of pipe used 
8 & nominal length equal to the actual linear distance between 


+} 
( 





DIsPLACEMENT FOR Various SHAPES AND Sizes 
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A= Deflection-Expansion Cared for, Inches 


or Pier Benps 


bend for any expansion in the pipe line which must be cared for. 
Inasmuch as the stress is proportional to the outside diameter of the 
pipe for any given value of A, and is independent of its weight, this 
diagram serves for all weights of pipe. This diagram is drawn up 
for 8-in. pipe and values for that size may be read directly. For 
instance, an 8-in. expansion U-bend, formed to a radius of 60 in. 
and required to take up an expansion of 0.7 in. in the pipe line, would 
have a maximum bending stress set up in it of 5380 Ib. per sq. in. 

A sample problem will indicate the method to be used for other 
sizes of pipe. Since the stress is proportional to the diameter of the 
pipe, the value of the stress for any size of pipe may be obtained 
after finding the stress in an 8-in. pipe. The proportion between 
stresses can be made directly on the diagram by following the radial 
lines diverging from its lower right corner. 

SamPLe ProsBiem: A 12-in. double-offset expansion U-bend having a radius 


of 90 in. is to take up an expansion of 1 in. 
stress in the bend. 


Required, the maximum bending 
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From the intersection of 4 = 1 in. and R = 90 in., extend horizontally base line under 16-in. pipe, for making the proportion. The solution 
to the vertical line under S-in. pipe, which is referred to as the “baseline,” for g sample problem is indicated by the dash lines in Fig. 8. A 
and the obliquely (with a line passing through lower right-hand corner) until : : ‘ : = ; 
under 12-in. pipe on the upper scale. The result is 2040 lb. per sq. in. double-offset Cxpansion l -bend made of I f-in. O.D. pipe, s mm. 
thick, formed to a radius of 80 in., is required to take up the expan- 
sion of 1.1 in. in the pipe line. From the diagram, the force acting 
against the pipe anchorage is 610 lb. 

Since the force is directly proportional to the displacement, these 
diagrams also may be used for values which fall beyond their range 
by considering both force and displacement scales as multiplied 
by the same factor. It should be noted that in using these dia- 
grams the pipe size refers to the size of pipe used in the bend and 
has nothing to do with the size of pipe in the rest of the line 


Since the stress is directly proportional to the displacement, 
this diagram may be used for values of A which fall beyond its 
range by multiplying both stress and displacement scales by the 
same factor. For instance, if a 5-in. expansion is to be considered, 
the stress for an expansion of 1 in. should be read on the graph 
and multiplied by 5. 

Figs. 8 and 9 give the forces set up in ‘the pipe line when pipe 
bends are used to take up the expansion. As these relations are 
functions of the moments of inertia of the pipe sections the internal 
diameters affect the results, and Fig. 8 has been drawn for “‘stand- 
ard weight” and Fig. 9 for “extra heavy” pipe. These diagrams are 
for 16-in. pipe and values for this size may be read directly. The In all, eight separate expansion bends were tested. The methods 
scale of pipe sizes at the top of diagram is laid off according to the employed in testing are described in the complete paper. The re- 
moment of inertia of the pipe section, as the force to produce agiven — sults are given in condensed form in Table 2 


Resvuuts or Tests 
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deflection in the bend is proportional not to the diameter, but to the As noted before, the results from bends formed to a radi 
moment of inertia of the pipe. greater than 5 pipe diameters agree closely with those obtains 


After finding the force existing for a given deflection in the 16-in. from the formulas with one exception, this exception being tl! 
pipe, the value for any other size of pipe may be obtained by using 10-in. expansion U-bend. The radius in this case was 6 diameter 
the radial lines diverging from the lower right corner, and the vertical The pipe in this bend was the largest size tested, all others being 












6-in. orsmaller. It is relatively more difficult to bend larg ’ 
pipe than small pipe, so as the pipe size increases the min- 
TABLE 2 RESULTS OF TESTS BY AUTHORS ON EXPANSION BENDS imum allowable radius (expressed in pipe diameters) also , 4 
: = == has to be increased. One American manufacturer stat . 
| Radius that the shortest radius to which a 22-in. standard pi; { 
of bend Flexibility index! = a dee = mig : ; 
eta can be bent is 6 diameters, while a 5-in. pipe can be ben! 
} N | Measured | '® term | kK , . , 
| Pens of U-Bend cudaal sles | snichnees | of nomi. to 4 diameters. In other words, there is relatively greate: 
ot » ee — sf . > = 7 ¥ 
| pipe, - | of pipe, in. | nal pipe danger of the pipe buckling or having waves and folds i 4 
| wre Caleulated |Observed it in the larger sizes. It is entirely possible that these are , 
= ee ou. ae : responsible for the unexpected flexibility in this 10-i p 
| Expansion U-bend | 10 0.336 6D 9.42 20.8 bend. The bend was too large to be made from o1 . n 
| Expansion U-bend 6 0.418 | 6D 9.42 9.42 length of pipe, so it was welded at the top’ of the lo« - 
oo . a 6 | & 9.42 14.08 rhe bend was one purchased especially for test and had n } f 
Expansion U-bend 6 0.274 5D 9.42 16.88 F. . 
hat U-be ' 285 5 | 949 coe seen service. t 
“ )xpansion end 6 0.285 5D 9.42 12.02 ra . Ke ‘ : . wm ; 
Seahie-offest exp. U-bend 6 | 0.41 6p | 39.88 39.9 he first 6-in. expansion U-bend in Table 2 was one 4 ti 
Double-offset exp. U-bend 4 | 0.237 | 7D | 39.88 10.7 purchased especially for test and had not previously seen . fs 
Expansion U-bend he a } 0.12 | 8.31D | 9.42 9.42 service. In this case there is a very satisfactory agreement iI 
ollerT tu ] ’ 
re | between test and formula. a 








The remaining three 6-in. expansion U-bends were 


* In formulas in Table 1 bought for the auxiliary superheated-steam line at the 
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Connors Creek power house and had not seen service at the time of 
the test. All were formed to a radius of 5 diameters and all had a 
flexibility in excess of the calculated value. 

The two double-offset expansion U-bends were purchased es- 
pecially lor test and had a flexibility agreeing closely with the cal- 
culated values 

In order to eliminate as much as possible the formation of waves 
or folds in the pipe during the bending operation, a 3'/,-in. expansion 
U-bend was made up from a straight boiler tube in a Babcock and 
Wileox boiler-tube-bending machine. In this machine one end of the 
tube is clamped to one end of a quadrant having a grooved face 
ind a radius of 27in. This quadrant turns on its axis and is geared to 
1 motor, the tube sliding against a stationary grooved wheel on the 
as the quadrant is turned. The length of the tangent 
from the grooved wheel to the circumference of the quadrant 
s relatively A second grooved wheel on the end of a lever 
which is pivoted near the axis of the quadrant assists in the bend- 


machine 


short. 








g. In this way compression on the inner side of the bend is mini- 
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of having waves or folds formed in 


tube. The bend was formed cold in this machine, 
sible to shape , and then removed and heated where necessary , 


danget 


reducing the 


as nearly 


The test results show a very 
igreement with calculated values. It should be noted that the 
of the bend with respect to the diameter of the pipe is greater 
with any of the other bends tested. This tends to bear out 
eory that those bends which are more flexible than the for- 
would indicate, owe their extra flexibility to waves formed on 


e bending operation completed 


mpression side of the bend when a pipe is bent to a short 


\ttention is called to the fact that in no ease did the tests show 
d to be less flexible than the formulas would indicate, so if the 
is and the design graphs presented in this paper are used in 


practice, the designer will always be on the safe side. His bends 
may or may not be more flexible than his calculations would indi- 
cate, depending upon how the bends were made, but he need not 


ir that forees or stresses in excess of his calculated values will exist. 
\ll the bends were tested while cold. Since the physical proper- 


“ies of mild steel are not altered appreciably up to 700 or 750 deg. 
lahr., which are about the maximum temperatures to be expected 
ina steam line with present practice, the relation between force 


and deflection should be the same whether the pipe is hot or cold. 
rhe test method used was a rather crude one, yet in several 
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cases the agreement between calculated and test values is remark- 
ably close. It will be noted that in some cases there is a tendeney 
for the foree to become disproportionately larger as the displace- 
ment This binding of the 
jack as the flange tended to swing to one side, and the flanges to 
It 
noted that in deriving the formulas no allowance was made for a 
change in shape of the bends as they take up expansion. Actually, 
the height of the bend, and therefore its flexibility, increases 
the bend is deformed, so that for large deflections the actual force 
will be less than the calculated force However, as the deflections 
are relatively small in actual practice, this will not affect the results 


increases, was doubtless due to the 


assume positions at an angle to the pipe line. should also be 


is 


seriously 
In checking a piping layout to determine if excessive fiber stresses 
exist anywhere in the pipe wall, the longitudinal bursting stress due to 


the pressure ol the steam should he added to the ber ding <tress 
given by the formulas. This is especially important when working 
with high steam pressures 
y, van 
pf 
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Nothing has beet 
pressed back into the pipe by th torces set up at the an horages. 


said about the expansion which can be com- 
he 

In each ease it has been assumed that the expansion bend takes 

eare of all of the expansion and that none or itis compressed back 

into the straight pipe. 


expansion is taken up by compression, the amount being directly 


Actually, of course, a small part of the 


proportional to the length of the pipe and to the force set up, and 
inversely proportional to the cross-sectional area of the metal in the 
pipe and to the modulus of « lasticity for that metal In the ease 
of expansion U-bends and double-offset expansion U-bends, which 
are very flexible, the amount of expansion compressed back into 
the pipe is so small compared to the amount taken up by the bend 
that it can be neglected altogether. In the ease of U-bends and 
quarter-bends, however, the forces are larger and consequently 
more of the expansion is taken up by compression, In actual prac- 
tice the amount taken up by compression may be neglected, for in 
doing so the designer is making a small allowance on the side of 
salety. 
SUMMARY 

To summarize in closing: This paper treats of expansion bends 
in pipe lines as if they were beams acted on by the forces set up by 
expansion of the piping. Upon this basis formulas have been de- 
rived for the forces and stresses in some of the more common types 
of bends. In the light of the material presented in this paper the 
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limits of safe expansion values for pipe bends set by Reference (D), 
and commonly quoted in engineering texts and handbooks, are 
apparently correct only for the double-offset expansion U-bend. 
For the other shapes the published values are much in excess of 
those given here. It is the authors’ contention that these limits 
should be revised to agree with the formulas presented in this paper, 
for unless the published tables are used with large factors of safety, 
the forces and stresses existing in pipe lines will be excessive and 
dangerous. 
Discussion 

[HE discussion was opened by the reading of a contribution from 

William B. Campbell! who wrote that the right-hand half of the 
authors’ Table 1 gave data for direct comparison of the calculated 
relations between foree F acting on the bend and the deflection 
A produced, and the same relation from actual test. It would ap- 
pear, however, that the left-hand portion was semi-experimental, in 
that the caleulated values showed a relation deduced analytically 
between the observed deflection A and the maximum fiber stress 
S was manifestly not observed directly, but was inferred from the ex- 
perimental value of F which accompanies a given A. This method of 
course reflected the observed relation between deflection and force 
acting, but it did not eliminate the effect of the method used for 
calculating S from F, which was based on ideal conditions in the 
shape and physical dimensions of the pipe. For this reason the 
“experimental” data in this section were not so conclusive as those 
n the right-hand section. 

Robert Cramer? said that it was gratifying to learn that the au- 
thors had made an attempt to compare directly theoretical and ex- 
perimental results. He noted in the paper, however, a point of the- 
oretical nature which should be considered when test results were 
incorporated. In the diagram giving the basis of the theoretical 
investigation, the neutral axis of the cross-section of the bend was 
assumed to pass through the center of the circle, which was not 
true in the case of a pipe bend. It was a well-known fact, he said, 
that the neutral axis in curved beams did not pass through the cen- 
ter of gravity of the cross-section as it did in straight beams, and the 
peculiarity was more pronounced the shorter the radius of the beam 
compared with the magnitude of the cross-section. 

For this reason, he said, it would pay the authors to pursue a line 
of more rigid theoretical investigation of the deviation of the ex- 
perimental results from the theoretical results in the case of the 
shorter bends. He had noted in making comparison between the ex- 
perimental and calculated results that in some cases the two checked 
closely, while in others the variation was very marked. It was not 
the slight variation to be expected from experimental or observational 
errors, but one which would suggest that the authors should look 
for some error in their calculations. 

The authors considered the deflecting force always to be at right 
angles to the flange on which it was applied, with the exception of the 
case of the quarter-bend, in which they had distinguished between two 
cases, one with the force acting at right angles to the flange and the 
other with a force acting in the plane of the flange. In the actual 
case, he said, the problem was really more complicated than would 
appear from the authors’ investigation, as it was frequently nec- 
essary to twist the flange in order to make a tight joint, and this 
involved another source of strain. 

Francis Hodgkinson’ said that the paper was extremely valuable 
because more and more attention must be given to the very im- 
portant subject of the flexibility of the steam line. This was the 
first time, he thought, that reliable information had been presented. 
Generally speaking, he said, flexibility could be secured by 
laying out straight runs of pipe at right angles to each other. There 
was another kind of flexibility which the paper did not mention, and 
which was torsional flexibility of the pipe. With the decrease in 
size of turbines and the increase in capacity, the structure of the pipe 
line was becoming almost as strong as the structure of the turbine 
itself and it was necessary for the flange to have some angular 
freedom and that the pipe be arranged in such a way that its whole 
length would not have to be lifted up because of lack of alignment. 
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It was frequently necessary, he said, to have some length of pipe 
with torsional flexibility. 

J. A. Freiday,' speaking as a representative of Thomas FE. Murray 
Inc., said that they considered the paper a valuable contribution, 
bearing as it did upon a subject which had not always been given 
proper consideration in the past. The subject was one which they 
had carefully considered in the numerous power stations they had 
designed. Up to two or three years ago they had made use of expan- 
sion loops made of pipe bends similar to those described in the paper. 
In a few cases, he said, they had experienced trouble with bends 
which evidently had not been properly annealed and which showed 
a tendency to straighten out and grow after being placed in service. 
In one case the growth of a 14-in. 90-deg. bend exceeded 2 in. in 
a few months, the increase being measured after the pipe had been 
taken out of the line. 

In order to eliminate the possibility of such distortion and also to 
take care of the increasing steam temperatures in larger steam lines 
required by larger modern units, they had made an investigation 
some time ago to determine the best method of providing for ex- 
pansion with the least reaction at the point of anchorage. The 
result of the investigation, he said, had shown that loops corre- 
sponding to the expansion U-bends but made up of straight pipe and 
fittings produced less reaction than an expansion U-bend requiring 
the same space. 

This method of taking care of bends, he said, lent itself particularly 
to large pipe, for the use of large expansion U-bends was not prac 
tical due to fabrication difficulties. With the design of loop they had 
used in all recent installations no excessive pressure drop had bees 
encountered due to this method of making bends. 

He asked the authors if they had investigated any loops designe: 
as he had described. 

H. Leroy Whitney? said he had noticed many examples of square 
bends and U-bends which did not take up the expansion they ha 
been figured for and also, particularly in long transmission lines, | 
had noticed a double expansion U-bend which had taken ov 
twice the expansion figured for it and that over a period of year 
marked deterioration in the pipe was shown. In regard to tl! 
buckling of pipe on the inside of the bend, he said that it was per 
fectly evident that if the pipe did buckle on the inside the fibers o 
the outside were not stressed nearly as much as if the pipe did nm 
buckle. In large bends of comparatively small thickness it w 
almost impossible to make the U-bend without buckles on the ir 
side. The buckles did no harm, he thought, they did not retard t] 
flow of steam through the pipe to any appreciable extent but di 
take up expansion. If the pipe was subject to very high vibratio: 
he said, it was sometimes customary to pull or push them to t! 
full extent that they would be distorted by expansion, so that wl 
they were hot they would be in their normal state, relieving t 
thrust on steam apparatus. 

George A. Orrok® said that he understood all the research | 
been made with cold pipe without pressure on the inside. He wi 
dered if there was any difference between the action of a pipe bi 
with two or three hundred pounds pressure on the inside and « 
which was cold. He said that he thought many pipe bends | 
been designed so that the metal had been stressed beyond 
elastic limit. It was a well-known fact that a pipe should 
be stressed to 5500 or 6000 Ib. This made it necessary 
use heavy pipe if the pipes are large. Many times a p 
would rupture at bends when the weld had been placed in 
neutral axis. He thought very heavy pipe should not be piaced | 
bends and suggested the use of seamless tubing which was a c: 
mon practice in our Navy and in the new stations of England 
the continent. Such tubing could be stressed up to 12,000 

John A. Stevens‘ asked what would be the thrust from pipe | 
with a temperature of about 750 deg., at which the pipe itself w: 
be red hot, and whether there would be a sufficient amount of ce- 
formation in the pipe line and the fittings so that the actual thrust 
would be smaller. 
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Progress in Steam Research 


Harvard Investigation in Joule-Thomson Effect Shows First Results 


Work Well Started at 


Massachusetts Institute of Technology and U.S. Bureau of Standards—A.S.M.E. 


Annual Meeting Session Devoted to 
JUNE 23, 1921 


m. N 
O Cambridge, Mass 


regarding the properties of steam. 


a group of scientists and engineers met in 
the information 
As a result of this conference 
a project of research was planned; the A.S.M.E. was requested to 
funds commenced under a 
Research Committee 


and discussed available 


Ssponso! the program, and the raising of 
sub-committee of its 
As originally planned, the Harvard Engineering School was to 
investigate the Joule-Thomson cooling effect in superheated steam 
at pressures up to 600 lb. and at te mperatures up to 600 dew. fal 
The Massachusetts Institute of 
determine, the direction of Prof 


iture 


Technology Was requested lo 
Frederick G. Keyes, the 


supe rheated steam at 


] . 
unde! 


pressure volume relation of 


temper 

} ’ ‘ ' , ‘ y hy] 
high pressures and over as wide a range of superheats as possible 
The United State 


Bureau of Standards was asked to determine th 


specific heat of water for a 


more accurate determination of the 

mechanical equivalent of the mean heat unit 
At the Annual Meeting session held December 5, 1922, whicl 
was presided over by Prof. A. G. Christie, of Johns Hopkins Uni- 
versity, reports were received from those in charge of the three 
investigations. Geo. A. Orrok, Chairman of the Executive Com 
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Fellow of Harvard 


sented a brief report ol the 
Dr. R. V. Kleinschmidt, Research 
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| son coefficients up to the pressures at which experiments had 
} ] | 
conducted. The work to be carried on at Massachusetts Insti- 
t of Technology under the direction of Dr. Frederick G. Keyes was 
outlined in a paper read by Dr. Davis in the absence of Dr. Keyes, 


N.S. Osborne, of the Bureau of Standards, related plans and 
progress in the work to be carried on at that institution. 

e report made by Mr. Orrok, and the remarks of Dr. Klein- 
schmidt, Dr. Keyes, and Mr. Osborne are given in abstract below 
STEAM TaBLe FuND 


EPORT OF EXxecuTIVE COMMITTEE OF 


. 6 1UR Committee charged with the raising of the Steam Table 
Fund has proceeded slowly with its work, the sum total of 
ubseriptions amounting to approximately $27,000. Of this 
1S3 has been paid in and the second payments on the subscrip- 
Hons are now due. 


thi 
SS 


Your Committee has made two grants of funds and is considering 
three others in the near future. The first grant was made to Har- 
vard University, to be expended under the direction of Dr. Davis 
on the investigation of the Joule-Thomson effect. Of this grant 
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$5,333.50 has been expended, leaving a balance of $666.50. The 
second grant was made to the Massachusetts Ih stitute ol 
nology, to be expended under the direction of Dr. Keyes on the it 
vestigation of the pressure-t mperature-volume relations of stear 
No money has been expended on this grant as yet 

Your Committee has also been considering a 
of Standards to cover the 


1 
wet 


grant to the Bure ill 


work which they are preparing to do 


lieve it is now time to finish the raising of the necessary mone’ 


to carry all of these researches through to the end which we desire 


The Joule-Thomson Effect in Superheated Steam 


By R. V. KLEINSCHMIDT,! CAMBRIDGI 


Vi! ASUREMENTS of the Joule-Thomson o1 thrott 


COM fhe ent 


M.1 


MASS 


KM, in superheated steam are being made as part 


program for standardizing steam tables. Su 


the AS 





men Irements supplemented by our prese nt knowledgs ol sper 
nea low pressures furnish a convenient and accurate 1 
' ae 
, , ER te 
E 7 T ~ > 
ra—._! 7) 2 
2 wee 2 twe 
——, — 
Q — 
I Ls s Mer F ¢ i H LEA 
‘ determining the tot { na ‘ speci ‘ olume Supe! eated 
steam over any range of temperature and pressure at which the 
Joule-Thon son obse rvations can be made 
The experiment il procedure Consists in torcing steam irefully 
dried and brought to the required temperature and _ pressure 


through the walls of 


t porous tube or “plug” of alundum. Thi 
drop in pressure required to force the steam through the pores ol 
the plug is measured on a differential mercury manometer, and th 
drop in temperature resulting from the throttling is measured by 
thermocouples read on a potentiometer. 
The general arrangement of the apparatus is shown in Fig l 

a small gas-fired automobile boiler B, the 
lv regulated by 


Steam is generated in 


pressure in which is close an automatic control on 


the gas supply. It then passes through the first (gas-fired) super- 
heater H, which acts also The steam then 
passed through a porous alundum strainer S, into a counter-current 
“drier” D, at 
perature at 


as a water separator. 


the bottom of which it is heated far above the tem- 
which measurements are to be made, to insure the evap- 
oration of all drops of moisture. In passing up through the drier 
it is again cooled nearly to the temperature of the steam entering 
the drier, and it then passes through a second porous-plug strainer 
E, on which is wound an ele¢tric heating coil, by means of which the 
temperature of the steam can be very closely regulated. The steam 
then enters the main portion of the apparatus. This is immersed 
in a cylindrical tank 42 in. deep and 20 in. in diameter, heavily 
lagged and filled with heavy oil having the highest obtainable 
flash point. This oil bath is heated by electric heating coils, the 
current through one of them being-controlled by a mercury-bulb 
thermostat which holds the temperature within '/ioth of a degree 
or closer. The oil is circulated rapidly by a 15-in. centrifugal 
stirrer which sucks oil downward inside a cylindrical shield, and 
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forces it up outside the shield through the heating coils. The oil 
bath has a tight-fitting cover from which all of the apparatus within 
is suspended, so that lifting the cover allows the apparatus to be 
removed for inspection, testing, and repair. The tight cover also 
makes it possible to heat the oil nearly to its flash point without 
great discomfort o: danger from smoke and fumes. 

The steam passes through a coil of eight '/:-in. seamless steel 
tubes, each 20 ft. long, immersed in the oil bath, and is thereby 
brought so close to the bath temperature that no difference can be 
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detected by a thermocouple. It then enters the “plug case” 
in which the measurements are taken. The plug itself is an alun- 
dum tube 1 in. in diameter, 8 in. long, with walls '/; in. thick, closed 


at one end, and supported by the “plug case” at the other. The 
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Fic. 4 Revation or Errect or Heat Leak To Speciric VOLUME 


steam, after passing the high-side pressure-gage connection and one 
junction of the differential thermocouple, passes around the plug 
and radially inward through the walls, over the other junction of 
thermocouple—which is placed inside the plug, near its closed end— 
out through the open end of the plug and out of the bath. Finally 
it passes through control valves into a condenser, and the con- 
densate is weighed. 

A 2-in. layer of asbestos wool provides lagging around the plug 
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to prevent heat leak from the bath to the cooled low-pressure steam. 
This arrangement of the porous plug and lagging was carefully 
tested by Trueblood in order to get as small a heat leak as possible, 
and one that could be measured or allowed for, as will be shown 
later. 

In taking measurements, readings are taken of the high-side 
pressure, the high-side temperature, the bath temperature, the 
pressure drop through the plug, the corresponding temperature 
drop, the rate of steam flow, and the room temperature 
certain Instrument corrections). 


used in 


Observations are begun after the apparatus has been operating 
under steady conditions for from one to four hours, and readings 
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of each quantity are taken as rapidly as possible over two periods 
of half an hour each, separated by at least half an hour. If thes 
two sets agree closely the run is considered satistactory and thi 
flow is changed, keeping the high-side pressure and temperature 
the same as before In this manner at least four runs are take 
at different flows, with the same high-side pressure and temperatur 


From these runs & single value of the Joule-Thomson coefficient 
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Fic. 6 Previminary RESULTS OF 


JouLe-THOMSON MEASUREMENTS 


can be computed, corrected for heat icakage by one of the follow 
ing methods: 

1 Trueblood’s Method. This is fully deseribed in his pape! 
It consists in dividing the measured temperature drop by the meas- 
ured pressure drop for each run, obtaining thereby a series of ‘‘ap- 
parent” y’s at various flows, and plotting these “apparent” 4“ s 

















Marcu, 192: 


against the reciprocals of the flows. These points lie on a straight 
line which is nearly horizontal if the flows are not too small, and the 
intersection of this straight line with the y-axis (infinite flow), 
can be shown to be the true pu, corrected for heat leak. Fig. 2 is 
a sample plot of this kind. 

2 Hoxton’s Method. This method is a little easier to handle, 
though giving the same results as Trueblood’s method. It con- 
sists in plotting the observed temperature difference against the 
observed pressure difference. The result, at high flows, is a straight 
line which, if extended, passes slightly below the origin. The slope 
of this line can be shown to be the true yw, corrected for heat leak, 
and the actual effect of heat leak is the distance below the origin 
at which the line cuts the temperature axis. 
plot of this kind 

It can be proved that this intercept on the temperature axis 


Fig. 3 is a sample 


should be nearly proportional to the square root of the specific 
volume of the steam passing through the plug. Fig. 4 shows that 
this law is closely followed by the experimental results. It is a 
delicate test of the consistency and accuracy of the results. 

Fig. 5 shows the points at which measurements are to be made. 
rhe points indicated by crossed circles have been completed at the 
present writing. There are sixteen points finished and Fig. 6 
shows these values plotted against pressure. On the basis of the 
work previously published the sign of the variation of u with pres- 

ire is in doubt. Callendar’s equation requires a rapid decrease 
In w@ in going trom zero pressure to saturation pressure. Good- 
enough and Heck predict an increase in u« followed by a decrease 
rhe present work shows that the pressure coefficient is very 
small, whether it is slightly positive or slightly negative cannot be 
predicted with certainty from these results until all the corrections 
have been applied. 

The more interesting portion of the work at high pressures re- 

iins to be done and all t| Cc results viven are subject to correction 


The Steam Investigation Program at the Research 
Laboratory of Physical Chemistry, M.1.T. 
By F. G. KEYES,! CAMBRIDGE, MASS 


2! FORE proceeding with the description of the plans for 


the new work on_ the pressure-temperature relation, the 


id and vapor saturation volumes as well as the superheated 
egion, it may be well to refer to the earlier work carried out by 
Mr. R. D. Mailey of this laboratory. The preliminary work of 
Mr. Mailey was finished about 1912, after which the entire apparatus 

: redesigned on the basis of the experience gained in the prelimi- 

measurements The redesigned apparatus included improve- 
nts in the constant temperature baths such that temperatures 
ver 750 deg. fahr. could be maintained constant for long periods 
time to within 0.02 deg. fahr. The bath was a prime requisite, 
the purpose was to carry all the measurements to over the 

tical temperature, about 700 deg. fahr. During the time im- 
) ements had been made in the absolute piston type of pressure 
gage and experience acquired in its use. 

he bomb or holder for the water or steam under measurement 
Was retained. Steel was used by Holborn and Bauman, but for 
iIneasurements wherein the greatest refinement is sought the known 
interaction of steam with steel at temperatures of 700 to S00 deg. 
makes its use undesirable. Platinum was chosen and a one-piece 
sphere spun over a hardwood form, leaving a neck about */, in. in 
diameter. The platinum sphere with its inclosed wooden form was 
heated and the wood burned out. A pair of hemispheres were 
how turned of steel such that when they were screwed together the 
spherical cavity formed therefrom made a good fit for the platinum 
sphere. The neck of the platinum sphere was spun out laterally 
and the cover, platinum-faced, locked on by means of a steel union 
piece, using a pure gold gasket. This bomb proved to be tight 
up to the highest pressure (3000 Ib.) and to 800 deg. fahr. Water 
is of course without action on platinum and it would seem to have 
been ideal. 

In the method employed for measuring the properties of sub- 
stances whose critical temperature lies low enough one may confine 
the substance under measurement and at the same time transmit 
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the pressure to the devices for measuring the pressure and volume 
by means of mercury. In the case of steam, however, the critical 
temperature lies at a point where the vapor pressure of mercury is 
considerable, and moreover the use of the platinum bomb with a 
gold gasket would prevent the use of mercury. The method ac- 
tually employed consisted in confining the water with itself. A 
very fine copper tube of 0.01 in. bore connected the bomb with a 
steel cylinder contained in a constant-temperature bath maintained 
at about room temperature. The piston used in this cylinder was 
of mercury, whose level could be accurately advanced or withdrawn 
by the intermediary of a steel piston moving through a packing 
gland and advanced or withdrawn by means of a screw and nut. 
The total mass of water under measurement is known, but one 
portion is maintained always at room temperature and the other 
at temperatures up to the limit of the range desired. To obtain the 
amount of water under measurement in the bomb involves taking 
the difference between the total quantity and that in the cy- 
linder with which the bomb is connected. In the superheated 
region where the specific volume of the steam ts large, the mass 
of water, as steam, in the bomb will be small and comes out as 
the difference between two large quantities, which militates against 
accuracy. 

The foregoing are some of the larger sources of error in the work 
of ten years ago. During the time that has elapsed many imnprove- 
ments have been made in the details of the methods used in the 
laboratory to measure volume, pressures, and temperatures accu- 
rately In attacking the difficult problem of the measurement of 
the properties ol steam the Research Laboratory portion of the 


task is receiving the benefit of all of the accumulated « xperience 


; 
.)| 


these years 

The plans for the renewed work on steam include the substituti 

of pure nickel for platinum. Pure nickel was unobtainable in 
This metal has been found 


. 9 
to constitute a good choice for a number of reasons. It is un- 


homogeneous forgings twelve vears ago 


attacked by steam even at 900 deg. fahr. It is uniform in its ex- 
pansivity with temperature and tough enough at higher tempera- 
tures to permit of sealing with absolute tightness. It does not 
alloy with mercury and hence mercury can be used to measure the 
stretch of the bomb with increase of pressure. The true volume 
of the bomb can likewise be determined at a number of tempera- 
tures by means of mercury and thus the volume of the actual 
bomb employed will always be known in terms of weight of mercury 

Any change in the future of the densities of mercury with tem- 
perature will thus permit a recomputation of the actual bomb 
volumes, although there is reason for confidence in the mercury 
densities as at present known. 

The same general scheme of confining the steam with water 
will be employed, using, however, t.vo different volumetric measur- 
ing pistons, one tor the saturation dome and the other for the super- 
heat where larger specific volumes come under measurement 
The connecting capillary is of nickel swaged from larger tubing to 
about 0.01 in. bore. 

The improvement in the volume-measuring technique is such 
that a volume change of about one part in forty thousand may be 
detected. The pressure-measuring gages are of the absolute 
piston type floated by oil. The constant of the gages is not de- 
termined by measuring the diameter of the piston but by direct 
comparison with a mercury column 31 ft. in length. The equi- 
librium of the piston is detected by an electrical contact device 
which has been continually improved during the past years. The 
checks at different heights of mercury column with the new gages 
are about one part in twenty thousand. Pressures of a fluid can- 
not of course be measured consistently to this precision because 
of the difficulties of securing equilibrium, but much has been 
learned concerning this latter problem so that very much greater 
precision can be expected than in the earlier work. 

The superheated field is one of particular interest from a purely 
scientific point of view as well as from the engineer's viewpoint. 
Water is regarded by the man of science as a fluid different in its 
properties from substances sometimes called normal such as ether, 
ethyl chloride, or methane. It will therefore be of profound interest 
to learn whether at high superheats and high pressures water vapor 
is indeed different in its general properties from the so-called nor- 
mal substances. 
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The Steam Research at the U. S. 
Standards 


Bureau of 


By N. 8. OSBORNE,! WASHINGTON, D. C. 


[HE PART of the experimental program which the Bureau 
of Standards undertook was a determination of the thermal- 
capacity of water as saturated liquid. 

This problem came to us in two parts: First, the heat capacity of 
water, in the range from the normal freezing point to the normal 
boiling point, in terms of international units of energy, was wanted 
to establish with greater certainty the fundamental heat unit. 
That is to say, the mechanical equivalent of heat. This was 
wanted as a basis for steam-table construction. The second part, 
above the normal boiling point and as much higher as it was con- 
venient to go, the thermal capacity of liquid water was desired as 
a further basis for steam-table construction. 

This problem was analogous to one upon which the Bureau had 
been previously engaged, the results of which have just materialized 
in the form of complete tables of thermal properties of ammonia, 
which have just been presented at the annual meeting of the 
American Society of Refrigerating Engineers. 

The problem of determining the thermal capacity of a saturated 
liquid, water, develops into a project by which, in a single apparatus, 
with the identical samples of the fluid, under similar conditions, 
with a constant degree of precision, and without dependence on 
other data, an entire group of thermodynamic properties, those 
for the saturation condition, may be determined; and it is this 
experimental project upon which we are at present engaged. 

We have determined a general tentative design of apparatus 
appropriate to make these heat measurements which consists of 
a closed container for the fluid, made of a metal which will with- 
stand the combined temperature and pressure without permanent 
deformation. The interior space is provided with an electric heater. 
The container in which this heater rests is also provided with an 
agitator, to distribute the heat so added, and promote equilibrium. 
The container is closed, except for outlets that provide it with valves, 
which may be opened or closed to permit the addition or with- 
drawal of portions of the fluid. If the necessary auxiliary instru- 
ments and devices are provided, we may observe the temperature 
of the container and its fluid content when in equilibrium, the 
pressure at any instant, the initial and final amount of fluid, the 
entire amount of heat added during any period of time, which will 
include that due to thermal leakage and to the energy dissipated 
in stirring. 

The experimental processes which may occur, under the control 
of the operator, in connection with these observations, are three: 
First, by adding heat, keeping the mass of content in this ealorim- 
eter constant, its temperature can be changed; and, in addition 
to that, the fluid may be withdrawn from the calorimeter in two 
ways—either as vapor or as liquid, and, simultaneously, either by 
adding the necessary compensating amount of heat, the tempera- 
ture may be kept approximately constant, or by adding no heat at 
all, the temperature may be changed. 

The ones that we will use are the ones where we keep the tempera- 
ture nearly constant and transfer fluid. 

The experimental results of the three types of experiments can be 
expressed in terms of specific thermal properties of the saturated 
fluid, as three quantities, and the properties that come into these 
are the heat content of the liquid, the internal energy, plus the PV, 
and an expression including the latent heat, and the two specific 
volumes of liquid and vapor. 

To the experimenter, the interesting thing about this is that all 
these results are obtained without the necessity of knowing either 
the heat capacity of our calorimeter or its volume. All that we 
require is that both of these things shall be definite; that is, that 
the heat capacity shall repeat itself at the same temperature and 
pressure, and the volume shall repeat itself. 

In determining the design of the apparatus to accommodate 
this, a great many details developed, which had to do with the proper 
guarding against external influences on the interior part where 
occur the experimental processes to be observed. Other features 
are concerned with the control of the processes themselves, so as 
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to make them conform to such specifications as the analysis re- 
quires. Two features illustrate the nature of the problems which 
arise. 

In the first place, a vigorous circulation of the liquid in the calorim- 
eter is desirable in order to attain equilibrium quickly, and so 
that the whole interior of the apparatus shall be bathed with the 
agitated liquid and its surfaces kept at a uniform temperature. 
Thus by controlling the temperature of the envelope, we may 
evaluate the outstanding thermal leakage that would otherwise 
exist. This circulating stream of water would be lifted to the 
top of the calorimeter, in order to bathe the entire interior surface. 
This leads to another important feature—that of locating in the 
top of the calorimeter, where it is continually bathed with the 
flowing stream, an evaporator, so that saturated steam may be 
manufactured and withdrawn from the calorimeter without dis- 
turbing the equilibrium within. It is proposed to furnish this 
circulation by a turbine pump, the duty of which will be about 
one three thousandth of a bh yrsepower. 

To provide means of assembling in the calorimeter parts such 
as these which I have mentioned, a metal shell has been developed 
which can be put together and made to stay tight, without re- 
sorting to any soldered joint. It is made out of a special alloy of 
copper and nickel—eighty per cent copper, and twenty per cent 
nickel. The two cup parts are threaded with a right- and left-hand 
thread, and one part has a groove one thirty-second of an inch 
in width in it; the other has a tongue which is made to nicely fit 
into that groove. The two are drawn together by means of a 
correspondingly threaded metal band, upon a ring of gold wire, 
one thirty-second of an inch in diameter. When we put on this 
double-threaded band with a powerful wrench, sufficient pressure 
is put on the gold washer to make it conform to the surfaces of this 
groove, and to make the shell tight, up to the pressure where the 
forces are balanced between the tension in this band, acting on the 
gold washer, and the forces of the hydrostatic pressure within, acting 
on the shell. We have found that the metal has properties to 
stand a pressure of 3000 pounds to the square inch. The joint 
held up to about 2400 pounds to the square inch, which gives us 
a very fair factor of safety. 

The question of interaction of the water and the material in the 
calorimeter, can, with this device, be very well taken into account 
by gold plating the inside of the calorimeter and the other installa- 
tion to go within. 


The Development of Machine Tools 


(Continued from page 154) 


turret. This improvement made possible the modern automati 
lathe and similar machines. It is a tribute to the genius of Spencer 
Whil 
he is known and remembered largely in connection with the in 
vention and production of firearms, Spencer’s greatest contribution 
to machine production is the universal cam wheel, a device whi 
was never patented. 

These, then, are the three great advances in transfer of skill 
in machine tools. Maudslay’s slide rest and Stone’s turret ar 
used in the construction of semi-automatic machinery more fri 
quently than any other machine elements, while the combination 
of these two with Spencer’s universal cam wheel is the basis of prac- 
tically all automatic machines. 

The importance of these inventions and improvements cannot be 
overestimated. The period of their development from Maudslay 
to Spencer was a little over one hundred years. These inventions 
with others of the same period embody the results of the observa- 
tion, experience, and effort of the greatest group of mechanics in 
the history of the human race. Their achievements made possible 
the work of such men as Hartness, Swasey, and other great builders 
and laid the foundation of modern industry and transportation. 
Selfishness, stupidity, and lack of knowledge have as yet stood in 
the path of the full realization of the benefits these inventions can 
bestow upon all humanity. It is to be hoped that a wiser generation 
will be able to solve the problem of distribution in such a manner 
as will permit the use of these modern productive methods to fill 
the land with plenty. 


that his very first automatic machine was a great success. 
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Means for Vocational Training for the Industries 


Industrial Education in Extension, Correspondence, Apprentice, Shop Training, and Various Other 


Schools 


Y THIS report the A.S.M.E. Committee on Education and 
B Training for the Industries seeks to disclose the present 

status of industrial education and training in order to secure 
expert attention and advice to the end that the average efficiency 
if the process may be raised. The Committee believes it not un- 
reasonable to expect that careful consideration given to this report 
by all concerned in promoting industrial education will result in 
a coérdination and simplification which may be suggestive of a 
standard code of procedure in vocational training. This may not 
pass beyond the statement of governing principles associated with 
a prescription of the steps in the process which the end requires 
\t any rate, the Committee is convinced that much good will result 
from the discussion which this report invites. 

As will be seen from the papers constituting the report, industrial 
education and training of a vocational nature is susceptible of 
classification. The considerable task of collecting and arranging 
the information herein presented was performed under the indi- 
vidual supervision of three members of the Committee as indicated 
by the authorship of the several papers, and to these three members 
ind Director Moyer, the Society is under a debt of gratitude 

In general, industrial education is conducted either inside or 
outside the works, and sometimes uses both plans coérdinately. 
The distinetion is recognized, therefore, between apprenticeship 
conducted within the works and vocational, trade, and evening 
chools outside of the works. Correspondence work and extension 

‘hools, strictly speaking, belong to the latter of the two classifi- 
itions, although these are given separate treatment in the accom- 
panying papers on account of their special character. In each paper 
typical courses are presented to illustrate what may be termed 
standard practice” of its kind. 

It has been estimated that an exhaustive survey of the whole 

eld in the United States to be of value in pointing a conclusion 

uld probably cost $100,000. With no funds available and 
mvineed that the time is not yet opportune to warrant a pro- 
dure that calls for the solicitation of funds, the Committee 
resents the results of its studies with the belief that the picture 
us afforded will appeal to the imagination and give a fairly 
finite idea of conditions so far as available statistics are con- 
rned. 


EXTENSION AND CORRESPONDENCE 
SCHOOLS 
By JAMES A. MOYER,? BOSTON, MASS. 


The accompanying report by James A. Moyer, director of Uni- 
rsity Extension in Massachusetts, is made by request of the 
mmittee on Training for the Industries of The American Society 
of Mechanical Engineers. The first thought in relation to this is to 
express no opinions as to the preéminence of any school or any state 
but simply to give the facts that will form the basis for a larger 
report on Correspondence and Extension Schools in the United 
tes. A full report in detail would demand visits to every 
te in the Union, and several volumes. Consequently, no at- 
pt has been made to cover more than a fair outline of what may be 
found. 

On account of his wide experience with extension teaching, and 
also on account of his connection with the Massachusetts State 
Department of Education where records are kept of all corre- 
spondence schools and extension departments in the United States, 
Mr. Moyer is very well qualified for a study of this subject. There 
is a slight difference between a correspondence school and a course 
in extension work. The latter may include the former. Cor- 


Report of the Committee on Education and Training for the Industries, 
presented at the Annual Meeting, December 4 to 7, 1922, of Tae AMERICAN 
Society OF MECHANICAL ENGINEERS. 
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respondence instruction lacks the contact among students that pro- 
motes discussion and supplies stimulus for study, but it makes 
up for that in the serious purpose of every student and in what 
must be confessed is superior instruction. A correspondence school 
can afford to employ the very best talent in the country for pre- 
paring the textbooks and can lend to the work a degree of technical 
skill that one cannot find in the average college. The extension 
schools are usually connected with universities In Massachusetts 
the first conception of an extension department was the education 
of workingmen in the industries, and to that end the technical 
courses were those first established. But this was in an industrial 
state, de pendent upon technical skill for a large part of its success in 
manufacture. There has been a steady growth, however, toward 
other subjects, and Mr. Moyer has under his charge what really 
amounts to a university of thirty or forty thousand students. 

The question might be asked, have these schools reached the 
height of their usefulness? Will they progress by improvement 
into larger fields? Their work is extremely useful, as they open 
the way to an education for thousands of men and women who have 
no money to go to college and who can profit by this kind of ab- 
sentee study. 

I have suggested to Mr. Moyer that he go into some details 
with regard to his own work as typical of many extension depart- 
ments of states. If his report stimulates active thought on this 
whole subject by members of the Society, it will have amply served 


its purpose.—Ira N. Houuts."| 


>, MRRESPONDENCE courses in industrial subjects have been 

an important part of adult education for more than thirty 
vears, and many of the courses have received wide publicity. Dur- 
ing this thirty-year period one well-known correspondence school 
has enrolled nearly three million students, mostly in industrial 
subjects, and this same school, during the last year, sent out more 
than one million lesson assignments. 

Besides the privately organized correspondence schools, nearly 
every state now has a correspondence-school system supported by 
taxation. These state-supported institutions are usually organized 
as a department of the state university, where there is one. In 
states like Massachusetts and New York, however, where there are 
no state universities, the correspondence instruction is organized 
in the state departments of education. Most of the state-supported 
institutions giving instruction by correspondence, and also some of 
the privately supported institutions, have given this kind of teach- 
ing the name “University Extension,’ which usually includes also 
class instruction for adults, as organized in large centers of pop- 
ulation to take the place of corre spondence instruction. 

All correspondence instruction is conducted through the mai's. 
By this method the student is sent a supply of specially prepared 
texts. At the end of each text a series of questions are asked which 
the student is requested to answer, after having carefully studied 
the subject-matter of the texts. These answers are sent to the 
correspondence school for correction. When these have been 
carefully corrected and graded by instructors, the percentage given 
is marked on the corrected paper and returned to the student so 
that he may see just where he has made errors. 

It should be emphasized that a correspondence course comprises 
material organized as a basis for the instruction of a student at a 
long distance. It is therefore a system of instruction in which the 
assignment material is common to al! students, but considerable 
variation is possible on account of the flexibility and adaptability 
inherent in this system of instruction. In the informational 
courses the differences in maturity, native ability, prerequisite 
preparation, etc., can all be taken care of readily and the course 
fitted to the need of the individual. The resultant body of papers 





1 President, Worcester Polytechnic Institute, Worcester, Mass. Past- 
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worked out codperatively between teacher and student makes a 
volume peculiarly fitted to the individual needs of each person. 
This statement is important because in the minds of many people 
a correspondence course is incorrectly conceived of as a series of 
tests and examinations and a grading of the papers written in such 
tests. Work that does not rise above this procedure is not cor- 
respondence instruction. Where it follows correct procedure, the 
correspondence method supplies one of the most effective means 
by which adults may keep abreast in any informational field. 
Correspondence students may include those who have had little 
more than a common-school education, as well as those who have 
taken their advanced degrees from the eminent universities of the 
country, numbering men and women conspicuous in many profes- 


sions. 


IXTENSION CLASSES 


Extension classes are locally organized. The instructors are 
either members of the faculty of the university or school conducting 
the classes, or persons living in the vicinity in which the class is 
conducted, provided, of course—in the latter case—that qualified 
persons are available. This instruction is conducted by ordinary 
educational procedure. An effort is always made in extension 
teaching to adjust the instruction as much as practicable to the 
individual needs of the individual student. 

Extension classes differ from residence classes in that member- 
ship in them is open to all who can give reasonable evidence of 
their ability to profit by such instruction; and in that these classes 
afford, so far as is possible in classroom work, individual attention 
to individual needs. 

The courses offered by either of these plans range in price ordi- 
narily from $3 to $150, depending largely on the cost of the text 
materials furnished, and whether or not the institution giving the 
course is supported by taxation. 

The instructional material consists, as a rule, of lesson pamphlets 
prepared and published by the university or school. Each pam- 
phlet includes from one or two to as many as twenty-five pages of 
explanatory or “lecture” material, one or more pages of questions 
which the student is to answer and submit for correction, and what- 
ever directions the student may need as to the way in which lessons 
Usually each course is so arranged that it 
may be used with equal facility either for class or for correspondence 
instruction. 

The rapid expansion of this work has been favored from the 
first by the type and range of subjects in which courses are offered. 
For the demand for education of this kind is concerned not with 
particular, closely defined groups, but with the whole adult popu- 
lation. To be sure, in some quarters the demand is more pressing 
as the lack of essential education is greater; but everywhere, 
among men and women of every class and occupation, there is 
evident the desire for further opportunities to study. The bulle- 
tins describing the courses offered by the largest correspondence 
and university extension institutions contain upward of one hun- 
dred and fifty courses, including such section headings among the 
industrial courses as mathematics; drawing; steam engineering; 
electricity; structural engineering; textiles; natural science; 
commerce and management; history and government; and busi- 
ness economics. Within each group are comprised, as far as pos- 
sible, courses ranging from the most elementary to those of college 
grade. The breadth of such programs, when offered by state insti- 
tutions, has resulted in making every man and woman in the state 
a prospective student. In that case the state is offering something 
for everybody, and consequently the idea of continuation educa- 
tion has penetrated into every industry or business. The mechanic, 
the fireman, the engineer, the business man, the clerk—from the 
unlettered immigrant on the one extreme to the college graduate 
on the other—all are represented in the enrollments. 

The problem of making these courses widely available to classes 
is one of reaching fairly compact, well-centralized groups, and the 
method of approach is accordingly direct. Agents of the university 
or schools consult with industrial executives, the representatives 
of business and social organizations, and school superintendents, 
and through them discover for what subjects each community has 
a genuine need. Instructors are then appointed, according to the 
nature of the courses, from college faculties or from among commer- 


are to be prepared. 
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cial and industrial specialists. And it is significant of the whole 
university-extension scheme that an instructor’s formal conner- 
tions and affiliations count less toward his appointment than his 
ability to give vital, effective instruction. 

Usually study rooms and lecture halls in local school buildings, 
provided by the courtesy of the school departments, serve as class 
meeting places; and in some instances as many as half a dozen 
university-extension classes meet in a building on a single evening. 
When a class is of special interest to the employees of a certain 
industrial plant, it is frequently arranged to meet in the plant 
itself. Publie-library halls and clubrooms are also used on occasion, 
but always with the understanding that every university-extension 
class, whether held in a public or a private building, is open to any 
resident of the state. The chief consideration in the choice of the 
meeting place is this: that it enables the institution to reach the 
people where they are. 

As a tangible evidence of achievement, each student who sue- 
cessfully finishes a course either by class or by mail is awarded by 
many institutions a certificate giving the name and grade of the 
course, and the number of lessons completed. On certificates 
for all college-grade courses, the work done is usually stated also 
in terms of equivalent semester hours. 

AND EXTENSION CoURSES 


ADVANTAGES OF CORRESPONDENCE 


A result of correspondence courses and university extension 
classes less easy to estimate in formal values is the unexpected 
spirit of democracy to which they have given rise. 
which ordinarily acknowledge no common interests have learned 
to know of each other through the common interest in correspon 
dence lessons; and those brought together in classes, having profited 
by the same instruction, have been led through class discussion t 
compare their views with the utmost cordiality and freedom. A 


Social groups 


non-technical course in the care and operation of gasoline auto- 
mobiles, for example, has provided a common ground of interest for 
men and women of every occupation and walk of life. But per- 
haps the most effectively democratic are those classes for the 
training of foremen and executives in oral English, for in these par- 
ticularly the students not only meet together but discuss with each 
other matters of general interest. 
personal and cordial about these classes, where each member at 


There is something peculiarly 


some time during the course addresses his fellow students on a sul 
And the method as well as the member 
ship of these classes is democratic, for the students both recite a1 

criticise recitations, while the instructor, acting as a sort of modera 
tor, takes the platform only for brief intervals, to make suggestion 

From these recitations all the restraint of formal address is lacking 
if other members of the class disagree with the speaker's opinion 

they are at liberty to offer their own in opposition. 
debates are frequent; and in the interest 
shadow of social distinction vanishes. 

The correspondence courses, while affording no such opportuni! 
for student-to-student contact, are no less large in their appe: 
As may be supposed, there was at first, among persons famili 
only with the methods of high schools and colleges, some litt 
tendency to regard correspondence instruction as 2 second-rat 
substitute for class work. But seldom did that tendency amount t 
prejudice. When class instruction in a desired industrial subject 
was clearly not available in a community, even the skeptical pr 
ferred to give the correspondence method a trial rather than 
forego the chance of any instruction whatever. And the first ex 
periment was usually convincing. 

The student quickly came to recognize that correspondet 
study has its own peculiar advantages—that it is available to hi 
at any place and at any time; that each paper he submits gets tly 
individual and undivided attention of an instructor; that ‘bluffing 
is out of the question—he must prepare himself on every part 
the lesson; and finally, that he may set his own pace, unhurricd 
by more brilliant students and unhampered by sluggards. 

By artisans and mechanics, correspondence courses are usual!) 
accepted without: question. Perhaps because the advertising 
correspondence schools has long been directed chiefly at them and 
because many of them have already had experience in the “learn by 
mail” method, they have evidently had the start of their neighbors 
in appreciating its advantages. Most of them willingly accept 


ject of his own choosing. 


Incident 
ol discussion, evel 
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it as a substitute for class instruction, and not 
they actually prefer it. 


a few declare that 


Recognizing that the common fault found with correspondence 
is that it lacks “personal contact,” correspondence schools have set 
before themselves the ideal of making and maintaining between 
instructor and student a genuinely personal relation. That ideal 
is freely expressed; and every correspondence instructor is trained 
to respect it. With the first assignment of each course, the stu- 
dent is asked to submit an information sheet on which he has re- 
corded such matters as name, address, age, occupation, and the 
extent of his previous schooling. This information the instructor 
enters on his personal records and reviews from time to time, so 
that he keeps in mind a rough mental sketch of the student with 
whom he is dealing. Some instructors who handle the papers of 
from one hundred to one hundred and fifty students yet maintain 
<O Intimate an acquaintance with each as to recognize his hand- 
writing and to remember what have been his individual difficul- 
ties This system has proved to have the double advantages of 
keeping the instructor constantly in touch with the student’s 
progress so that he may more effectively prescribe and advise, and 
of making the student realize that his instructor knows him per- 
sonally and is in a position to understand his peculiar difficulties. 

But the ideal of personal helpfulness does not stop with the 
it is written into every course. 


nstructor: On whatever subject, 
material of the lesson pamphlet must be human, wholesome, 


nd practi Hypothetical problems, so far as possible, are 


based on fact \ 


certain course in textile mathematies, for example, says not, “Sup- 


ii 
vided, and their places taken by problems 


that there are 580 looms in the Mill at Lawrence,” but, 
There are 5SO looms in the Mill.” And there are The 
lent gets not only a problem in mathematics, but along with it 


liable facts about the textile industry 
with the othe r courses 


the instruction is concrete and 


ng le The Alm is to make the language ol ¢ ich assignment 


and the lesson re quirements are such that the 
! | be capable, under ordinary circumstances, of carrying 
m out. If, in 


spite ot 


careful editing and supervision, faults 


ear after a course has been put into circulation, the instructor 
on the watch for them When his experience with students 
vis him to believe that a course might be improved, he makes a 
iiled report, in which he states what is wrong, and how, in 
judgment, the fault may be corrected. If his criticism is 
ind to be just, the course is revised. 
Che personal touch with students is also maintained in another 


Each month a news letter, so-called, is sent out to every per- 


n enrolled in the correspondence list. is merely 
ndly | Sometimes the letter is edi- 
ure, touching, perhaps, upon the qualities of good citi- 
nship. Sometimes it is as to methods of 
tudy I) trinsically, the news letter is a small affair, hardly to 
counted in comparison with the actual work of instruction, 
it seems to remind many students that in the staff of instrue- 
whom they may 


Sometimes it 
ietter Of encouragement. 


rai in na 


a page of suggestions 


never see, there is a cordial personal interest 
their suecess; in short, they are not dealing with a ‘‘soulless”’ 


wmization. 


Resutts oF UNIversiry-ExTension Work IN MASSACHUSETTS 


he results to which these methods have led are encouraging. 
We have mentioned already how general has been the appeal of the 
rses, and how democratic has been their influence. Taking 
ssachusetts as a typical case, and not at all by way of express- 
ing a superiority, but rather in order that the members of the Society 
y get a clearer understanding as to how this kind of instruction 
has grown—the advance has been almost in geometrical progression: 
\t the end of the first year from its establishment, the Division had 
y a few more than 3000 students; today the total enrollment 
is well above 100,000, and it is significant of growth that more than 
a third of that number represents enrollments for the past year 
alone. 
but numbers by themselves are less important than the geograph- 
ical distribution of students and classes. It would have been com- 
paratively simple to secure heavy enrollment by concentrating 
effort in a dozen or less large cities and towns, neglecting meanwhile 
the more remote corners of the state. This, however, has not been 
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done Kach year active effort is directed toward filling in the g ips 
toward carrying instruction into towns where university extension 
has not before been well represented. In consequence, there is 
hardly a town in the state where classes have not been held, and 
the post offices are few which do not handle the mail of university 
extension correspondence students. 

Not only among students but also among many organizations and 
many individuals generally interested in education, the university- 
extension idea has spread. In these 
reached by special services such as the distribution of visual-instrue- 


certain cases have been 
tion material and the publishing annually of a list of university- 
extension lectures for the use of women’s clubs, parent-teachers’ 
associations, and like organizations. But of even greater import- 
ance is the contact which has been established with the employers of 
men and women studying correspondence and extension courses 
Whenever a student completes a course, unless he objects, his em- 
ployer is notified and asked that, if possible, the student be given a 
word of commendation. The admirable 
very mail brings letters from employers in which they express their 
appreciation for this educational work, and, frequently, report 
that they have personally talked with the student and have arranged 
for his advancement at the first opportunity. And in almost 
equal volume come letters in which the students themselves tell of 
promotion made through 
The student is thus encouraged to continue the work of self 


response has been 


possible university-extension study 
provement, which he sees has won for him favorable notice from his 
employer; and the employer himself is often led to ask that uni- 
versity-extension classes be established in his city or town for the 
training of his other employees 

And so, at the conclusion of its seventh year, the Diy 
look back with some 


hundred thousand students, and forward to new opportunities f 


satisfaction at the training of more than 


ervices that are daily opening before it. Thi of the past 


trail for the work 
ns not far distant when every 


] 
WOrkK 


by establishing contacts, has blazed a of the 
future; and the 
in Massachusetts sh 


extension. 


time see! community 


ill make its annual demand upon university 


] ANTENSION WORK IN WISCONSIN 


In the University of Wisconsin the University Extension Division 
Was organized on its present basis as an extramural college wit! 
a dean and separate faculty in 1906 Some forms of extension 
teaching have been conducted by this Wisconsin institution sine 
1892. Much of the present development by correspondence 
study courses and extension teaching in classes has been due to the 


Louis E 
University Extension Division and a 
Society of Mechanical hey 


pioneer work of this university. Reber, Dean of the 


f The American 


gineers, has been in responsible charge 


member o 
great deal of credit for present 
education, not only in Wisconsin 
His contributions to this subject 
connection, 1t Is 


of this institution and deserves a 
accomplishments in this form 

but in all other states as 
deserve special mention. In this 
note that the Internatio 
within a vear of the tim 


lished in Wisconsin 


well 
interesting to 
il Correspondence School was organized 
that extension teaching was first estab 


SUMMARY OF UNIVERSITY-EXTENSION SERVICI 


IN VARIOUS INSTITUTIONS 


Replies to a questionnaire sent to various institutions giving corre- 
spondence or “extension” class instruction have been carefully 
studied and grouped in Table 1. Most of the questions asked were 
more detailed than the headings of the columns, and therefore more 
explanation is necessary. The heading of column (1) means the 
number of years since the establishment of correspondence or 
“extension” class instruction in the institution. Columns (2) and 
3) refer to the kind of instruction offered by the institution, that 
is, whether the teaching is exclusively by mail, which is called cor- 
respondence instruction, or whether it is given in classes which are 
not regularly organized to take the standard residence courses of 
the institution. These classes differ from residence classes in that 
the enrollment is usually permitted of adults who can be expected 
to profit by the instruction without, however, the educational 
tests of college entrance examinations, and the class is usually 
organized at a considerable distance from the city or town in which 














TABLE 1 REPORTS FROM INSTITUTIONS GIVING CORRESPONDENCE AND EXTENSION-CLASS INSTRUCTION 
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So = = ¢ ~ = 
ra 7c = ze ~~ os nd 3 On 
5 S = Ss S : & : os 
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Corresp. Class Corresp. Class 
1 2) 3) 4 5 6 7 Ss 9 10 11 12 i 
Alexander Hamilton Insti- Training for Only one Y 
tute, New York, N. Y... 13 Yes No 48,800 167,000 0 0 $136 Executives responsibility course 
American Commerce Asso 
ciation, Chicago, Ill Ss Yes No 0 $147 Executives Yes \ 
American School of Corre Superintendents Interest in pro Transfer 
spondence, Chicago, II. . 25 Yes Yes 18,100 104,900 5,500 10 $20-$161 69 and executives duction and fee $3 \ 
personnel 
American School of Land- 
scape, Architecture & Foremen and su Only one 
Gardening, Newark, N.Y 6 Yes No 300 SN0 120 0 $68-$76 35 perintendents cours 
Carnegie College, Rogers, 
Ohio 20 Yes No 500 8,000 600 0 $25-$100 25 Ve 
Chicago Technical College, Draftsmen and su Retter trainin 
Chicago, Il cme : 20 Yes Yes 2,500 10,000 6,000 $25-$90 100 perintendents for technical Yes Ve 
positions 
Columbia University, New 
York, N. Y. _ 2 Yes Yes 12,000 60,000 $19-$100 ? os Ve Yes 
Hays School of Combus Superintendents Better training Only on 
tion, Chicago, Ill..... ‘ 4 Yes No 550 3,000 300 0 $7S-S$98 100 and combustion for operating cour Ves 
engineers positions 
Industrial Extension Insti Better training Only mn 
tute, New York, N. ¥ . 3 Yes Yes 5.000 ? $135-$140 100 Executives for executive course Y 
positions 
International Correspon- 
dence Schools, Scranton, Superintendents Training for 
Pa 31 Yes No 97 300 2,700,000 £5,000 O $65 (avg 100 and executives advancement Y« Ve 
Iowa State College, Ames, s7 by a Better training 
Iowa 9 Yes Yes 2,400 4,000 20 2200 = lesson? 100 Industrial for industrial Yes 
positions 
Knights of Columbus Trade and com Training for 
Schools, New Haven,Conn. 3 Yes Yes 98,609 233,000 314 167,701 Small fee 0 mercial! udvancement Yes \ 
LaSalle Extension Univer- 10 a SOO a Better traininy 
sity, Chicago, III 13 Yes Yes 60,000 360,000 mo mo $36-—-£197 17 Executive for responsi- Ye \ 
ble position 
Mass. Department of Edu Foremen, superin Trainin for 
cation, Boston, Mass.. 6 Yes Yes 36,800 114,700 10,900 500 $1-S10 30 dents and engi responsibility Ves \ 
neers 
McLain's System, Milwau Foremen, superin Better training 
kee Wis cnweves . 14 Yes No 235 4.400 >, 300 0 $135-$150 L100 tendents and in \ 
spectors 
Nova Scotia Technical Col 
lege, Canada l Yes No 189 1S9 Ss ) $2-$14 4) Varied y ‘ 
Pennsylvania State College, Superintendents lraining for 
State College, Pa : 10 Ves Yes 13,300 104,000 ? 1000 $3-S10 60 and engineers foremen Ve \ 
United VY. M. C. A. Schools, 
New York, N. Y at 12 Yes No 9,000 33,000 ? O $60 (avg 10 y \ 
University of California, 
mermerey, Cal... ccccses 9 Yes Yes 24,100 62,800 ? ? $6-$12 20 Yes \ 
University of Chicago, Chi- 
SL Sy cece wa eee a 31 Yes No 6,500 30,000 15,900 0 $19-$50 ») Better training No \ 
University of Colorado, Foremen, superin 
ed 10 Yes Yes 2,000 6,600 60 2,200 $3 0 tendents and Better training Y y 
engineers 
University of Kansas, Law- Foremen and su Better educa 
rence, Kan Py A 12 Yes Yes 2,700 14,300 4,000 2,600 $4-$20 10 perintendents cation Yes \ 
University of Minnesota, Draftsmen sur Better engi 
Minneapolis, Minn..... 9 Yes Ves 5,800 30,300 1,300 22,400 $5-$17 20 veyors and su neering train- No 
perintendents ing \ 
University of Missouri, Co- 
eae 12 Yes Yes 800 6,100 3,100 300 $4-$10 \ \ 
University of North Caro- 
lina, Chapel Hill, N. C.. 2 Yes Yes 400 475 $5.50-$12 20 \ \ 
University of Tennessee, 
Knoxvilie, Tenn Beginning this year Beginning this year 
University of Wisconsin, 62% c. per Superintendents Increased effi 
Madison, -Wis........... 16 Yes Yes 29,400 79,000 40% 5O% lesson? 25 and engineers ciency Yes \ 
Washington State College, 
Pullman, Wash....... 3 Yes Yes 300 1,000 200 300 $3-$10 20 Widely varied Yes \ 
Washington University, St. Foremen and su 
Louis, Mo Mel al eee AN 7 No Yes 1,800 4,000 0 2,000 $10-$30 50 perintendents 
Wilson Engineering Corpo- Steel and concrete 
ration, Hanover, Mass. . 10 Yes No 200 3,200 ? ? $70-$220 100 engineering Better training Yes N 


! No examinations or certificates, 
? Necessary textbooks extra. 


the parent institution is located. In column (4) are tabulated the 
number of students who received instruction in the school year 
1921-1922; and, on the other hand, in column (5) are recorded 
the total number of students who have received instruction in the 
institution since its organization or establishment. Columns 
(4) and (5) include, therefore, the total enrollments of both corre- 
spondence and class students for the times specified. “Student 
completions” as referred to in columns (6) and (7) means the 
number of enrolled students who have satisfactorily completed their 
courses either by correspondence or in classes from the time of the or- 
ganization of this form of instruction to the date of these reports 
(about July, 1922). There is considerable variation of practice in the 
institutions included in the tabulation as to the kind of record for 
“completions.” Some institutions give certificates and others 
give only “credits” on the records of the institution. Some courses 
are also much longer than others; even the same institutions will 
offer some short courses and some long courses so that a high record 
for completions obviously means more when referring to long, 
rather than short, courses of study. Column (8) does not mean 
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the cost to the institution for instruction, but is the amount charg: 
students for enrollment, and although there may be exceptions, ir 
cludes as a rule the text materials that the student actually requir: 
In some cases where the necessary text material is obviously extr 
this has been noted by reference to a footnote. Column (9) refe: 
to the percentage of the total number of persons enrolled in t! 
institution for both correspondence and “extension” class instru 
tion who are taking industrial (engineering or industrial trad: 
subjects. Column (10) is under the heading “Positions Graduat: 
Enter” and the replies were not satisfactory for tabulation becau 
of the great variety. The reply of one institution was, “Pra 
tically all are in industries; and three others replied, “Various 
The tabulation of this column, therefore, gives very little useful 
information. Column (11), headed “Results of Training,” is 
abbreviated statement for the following question: “What eff 
have these schools (meaning those giving correspondence and 
extension-class instruction) upon the education of foremen?”’ 
Some replies were received which could not be stated briefly enough 
for tabulation. For example, the University Extension Division of 
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the University of Wisconsin reports as follows: “It has a wholesome The Committee proposes to codperate with all other committees, organiza- 
3 : » ‘ » > - ions. anc verents of ide bor or educational inter vy bringing 

and stimulating effect. Where the instruction has been specifi- © and movements of trade, labor or educational interest, | nging 
a oe aed on fom , ile , ‘ } it } their activities together and overcoming the difference or inertia that has 
cally organized as foreman training instruction, the result has been yy j.ted and which has done so much to handic ip, if not to frustrate, the best 


to increase their efficiency as a direct applied result. Where the 
courses have been general or avocational the instruction has added 
to the resources of the student in ways that are equally valuable as 
compared with its having only the vocational bearing.” The cor- 
respondence school which has reported the largest enrollment has 
sent an explanation of this question in the following interesting para- 
graph: ‘As explained in our preceding answers, most of our stu- 
dents are already engaged in occupations of various sorts at the time 
they enroll for our courses. For this reason, we feel safe in saying 
that practically every journeyman in any trade enrolls for a coursé 
with a view to bettering his position. A machinist, for example, 
isually enrolls for a course in mechanical engineering or a closely 
illied course with a view to becoming a shop foreman. Further- 
more, we have a course for foremen. This course deals mainly with 
the employing and handling of labor, safety fundamentals, and ten 
essons which are entitled ‘Training the Executive.’ A man en- 
rolling for this course is supposed to have mastered the technical 
end of his trade, or else he would not occupy the position of foreman 
To sum up the answer, we feel that our school plays a very impor- 
tant part in the education of foremen.’’ Column (13) refers to 
nethods of instruction and is more interesting to educators than to 
ersons engaged in industry. 


SCHOOLS FOR APPRENTICES AND SHOP 
TRAINING 


By R. L. SACKETT,! STATE COLLEGE, PA 


TH object of apprentice training is to train a sufficient supply 
ol young men to meet the need for skilled employees, including 
remen and superintendents. It is believed that thorough train- 
stabilizes employment, reduces turnover, gives a better under- 
tanding of elementary economics as applied to industry, and tends 
“create a greater interest in and loyalty to the concern.” 
\ number of developments have occurred within the past year 
licating an appreciation of the need for apprentice training. 
e Industrial Association of San Francisco, for instance, an organ- 
ition of employers, because of the difficulty in obtaining sufficient 
illed labor and the high wages demanded, has been led to estab- 
h schools for plasterers and plumbe rs. They plan to open other 
wols for bricklayers, steam fitters, carpenters, electricians, 
d others. Out of 75 who responded to the first call for plasterer 
prentices, 25 passed the preliminary tests. During the training 
riod of 12 weeks, the trainees are paid $2.50 per day of eight 
irs and are taught by skilled workmen. At the close of the course 
y are put on regular work at good pay, and at the end of a year 
to be rated as journeymen. 
In training plumbers the plan is somewhat different. The ap- 
ntice has two weeks of schooling, then goes as a helper for four 
ks on real jobs and then returns to the school. 
Che report says that the association believes that it can train 
1 to be master craftsmen in 12 to IS months, whereas three to 
r years have been demanded in the past. 


lune New York Buritpinc ConGress APPRENTICE SystTEM 


he most extensive program of apprentice training that has 
n recently developed is one prepared by the New York Building 
gress, which is an organization composed of representatives of 
the architects, builders, and trade unions. A committee on ap- 
prenticeship was organized in January, 1922, “‘in response to a de- 
mand on the part of the building industry to develop men better 
trained in their craft and in citizenship than present-day trade 
conditions provide or permit.” 

ie Committee states the purpose of the movement as follows: 


Committee was established for the purpose of fostering the develop- 
ment of the apprenticeship in the building trades, not by dictation, but by 
‘in an advisory capacity with similar committees from the various 
sts represented in the Congress. 


lean of Engineering, Pennsylvania State College. Mem. Am.Soc. 
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interests of training in the building trades 

The policy and the general plan have been adopted by both the 
New York Building Trades Employers Association and by the Build- 
ing Trades Labor Council, representing the unions. The joint 
plan is in operation and was first applied to woodworking appren- 
tices after the carpenters unions had approved the idea. The gen- 
eral plan of the apprenticeship is for the apprentice to learn his 
trade on the job and receive his instruction in related technical 
studies during part-time attendance at school. The intention 
is to utilize the public continuation and evening schools so far as 
practicable but where such coéperation cannot be obtained, the 
Congress will open its own schools. 

There is sufficient evidence of an adequate supply of apprentices 
ready for training, and plans are being made for the organization 
of training for plasterers, bricklayers and other trades as soon as 
practicable. 

This movement by the New York Building Congress has the sup- 
port of financiers, contractors, and union labor and it has aroused 
widespread interest in the problem of supplying an adequate 
number of skilled mechanics and artisans. There is an encouraging 
sign in the announcement by the Committee that 


rhe employers see the need of a constructive and sound stem for re- 
cruiting skilled help and the unions realize that the trades should be dignified 
with a true educational merit and background 

It is proposed to proceed carefully and to develop along other occupational 
divisions in the Building Trades until the entire field is covered, our purpose 
being to expand gradually so as to build up a system of good sound training 
that will not only meet the needs of the business but also provide an educa- 
tional opportunity for our young men. 


Building-trades magazines and a wide variety of associations in 
other cities have expressed their interest in and have endorsed the 
plan. It is the most conspicuous development of the year in its 
line. It marks the confession by employer and unions of a recog- 
nized need; it is an outstanding evidence of possible and desirable 
coope ration and it is an acknowledgment that there are educa- 
tional methods which will expedite the preparation of skilled men. 


RAILROAD APPRENTICESHIPS 


The railroads have been from the first strong advocates of an 
apprentice system. They have two classes, namely, those having 
a common-school education, and those who have been graduated 
from a technical college. 

Those with a common-school education are given class work in 
mathematics, mechanical drawing, physics, and elementary me- 
chanics along with their shop work. 

Those who have a technical education are put on more advanced 
repair, maintenance, design and construction—principally in the 
motive-power departments 

The pay of apprentices on railroads has been increased until it 
represents a fair wage. 


INDUSTRIAL APPRENTICESHIP 


In 1918 the Westinghouse Flectric and Manufacturing Com- 
pany, of Pittsburgh, added an apprentice drafting course to its 
educational work.! The course consists of two years of eight terms 
of three months each. The class periods are two hours in length 
and classes meet three periods per week. The following informa- 
tion was received, which will make clear the object and methods 
employed by a company which has conducted shop and apprentice 
training for many years. 

The entrance requirements specify high-school graduates or the 
equivalent. 

The apprentices spend the first few weeks in the Educational 
Department where they are given a very intensive course in tracing. 
They are then transferred to one of the Drafting Divisions where 
they remain for the first year, after which they are transferred to 
the shop and scheduled through the Pattern, Foundry, Forging, 
Machining, and Assembling Departments for the next six months. 
This enables them to acquire the actual shop experience so essen- 
tial to designing. After completing their shop experience they are 

1 The details of this curriculum may be obtained on request from the 
Westinghouse Electric & Manufacturing Co., East Pittsburgh, Pa. 
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brought back to the Drafting Division for the remainder of the 
course. 

The terms in general cover Objects of Drawing, Drawing Sys- 
tem, Hand and Machine Tools, Patternmaking and Molding, 
Shop Practice, Materials and their Application in Manufacture, 
Development and Sections, and Clearances and Allowances. The 
mathematics in the course range from the fundamentals of arith- 
metic to the strength of materials in concrete problems. It might be 
well to mention the fact that the aim is first to make men, and that 
the various processes are accordingly used to instruct the boys, rather 
than to teach the processes. 

When the course is completed, the graduates are transferred to 
the Engineering Department as regular employees. 

Fifty-two apprentices have been enrolled in the course at this 
writing. Twenty of this number are still with the company, 
making the total turnover from the very beginning of the course, 
four years ago, only 61.5 per cent. Eleven have been graduated 
and three of their number have entered college. The remaining 
eight are still in the Drafting Office. Ten left the course on ac- 
count of remuneration and three of them have returned. Of the 
twenty remaining with the company, six have been there over three 
years; five others have been there over two years; and the remain- 
ing nine have been there over one year. Only one of the total 
number was discharged. 

This company also has apprentice courses for machinists, tool- 
makers, foundrymen, patternmakers, electricians, and junior engi- 
neers. 

The applicant for trades training is interviewed by at least two dif- 
ferent individuals and is given a simple test in mathematics. Those 
accepted are placed on probation for a period of three months. 
Their record is checked monthly by a trades apprentice committee 
and at the end of three months a definite decision is made as to 
whether an agreement shall be entered into between the young man 
and the company. If the young man and the company desire, a 
contract is entered into at this time outlining the obligations and 
duties of both parties. The apprentice is then placed in a special 
department in the factory where he receives preliminary instruc- 
tion by specially qualified instructors. Supplementing the shop 
work each apprentice reports to the trades apprentice school four 
hours each week, two hours of instruction being devoted to blue- 
print reading and mechanical drawing, includirg tool design; 
and the remaining two hours divided between shop problems, 
economics, science, and manufacturing operations. 


THE NATIONAL METAL TRADES ASSOCIATION 


This association also has an apprentice-training system which 
has been in operation for several years at different plants. It 
maintains an educational director who devotes his time to the 
study of apprentice training and shop instruction. 

The Committee on Industrial Education of this Association says: 

Investigation in the metal-trades industry has shown that while in normal 
times there is a fair supply of semi-skilled specialists, there is always a dearth 
of skilled, all-around craftsmen. These highly skilled men are not only in- 
dispensable in the shop, but it is to this group that industry must look for 
its future foremen, superintendents and managers, and for practical de- 
signers and engineers. 

So pressing has this need become, that serious thought must be given to 
methods of adequate training of young men for this purpose if we would 
stimulate and not stifle the fullest development of American industry. 

Mindful of its urgency and realizing the consequences which must follow 
continued indifference toward this important question the National Metal 
Trades Association, after an exhaustive survey of the situation, has prepared 
a plan of apprentice training which, with slight modifications, will adapt 
itself to a shop of any size. 

The association has adopted a standard form of indenture, set- 
ting forth in full and clearly all the details of compensation, service 
and training. Provision is made for a probationary period of 
three to six months, and by examination an apprentice who has had 
additional schooling may reduce the period of apprenticeship. 
Wages paid vary with the progress of the trainee, ranging from 
33'/2 per cent to 85 per cent of a journeyman’s wages. 

An interesting provision is made by which a highly specialized 
plant may send its apprentices to another plant for part of their 
training. This is anew type of ‘‘codéperative training;”’ in this man- 
ner they obtain the best instruction available in agroup of industries. 

Careful records are kept of each apprentice and his progress in 
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Each instructor grades each man on such 
qualities as speed, accuracy, ete., as well-as on his skill on the par- 
ticular process. The final record card shows the details of the four- 
year course, the time used, grade and instructors’ estimate of per- 
sonal qualities. The entire scheme is carefully planned and recog- 
nizes the rights and duties of the apprentice and of the company. 

To a questionnaire sent out by the National Metal Trades 
Association, 572 replies were received. Of these 146 stated that 
some method of apprenticeship was being used, 72 train their 
operators, and 68 conduct foreman training classes. Of those train- 
ing apprentices, 81 use the method of casual training by foremen, 
workmen, or by observation and practice, and 49 have definitely 
planned systems of instruction either in the production department 
or in an independently organized training division. 


learning each process. 


Suop TRAINING 


During the world war, various quick methods were adopted for 
training men for jobs with which they were more or less unfamiliar. 
Most of the methods had been used in industry for some vears, 
but neither so extensively nor so intensively as in war work. Out 
of the experience of peace and war have come certain well-defined 
methods of training men for new jobs. These may be classed as 

1 Vestibule schools, where the training is In an independent 
organization and not in the production department. 

2 The shop school conducted within the production department 
This instruction may be by classes, by groups, or by special instru 
tion for works clerks, routing clerks, and others of whom there are 
only a few in any plant even though it be large. 

Vestibule Schools. There is no uniformity in the use of this 
term. It will be used here to define that type of training conducted 
in a separate shop where the trainees are segregated from those o1 
production. Here it is proposed to give the “one best way” ot 
doing a certain operation under good conditions. 
distracted by the comments of other workmen. 
the wrong way. They do not take the time of a foreman from pro 
duction. They do not waste so much material. 

On the other hand, a separate training department is not justifie 
in the average small plant, but only where the demand for new 
trained men is fairly constant and considerable. The separat 
school depends on the production department to absorb its out pu 


Learners are not 
They do not leart 


and if there is not close coéperation between the two, the separat 
school will be unsatisfactory. 

The instruction often consists of one or two periods per da 
of classroom work and the remainder is spent on the process 
operation to be learned. 

The instructors should be chosen from the skilled men in the pr 
duction department who have the ability to transmit what th 
know and tact in doing it. The production department will n 
urally object to losing one or more of its most valuable men for 1 
purpose. 

Shop Schools when conducted in the production departmy 
have the advantage of a certain elasticity. Instructors not : 
quired at the time can be put back on production. The majorit 
of plants employ this method, and the foreman is most frequent 
the teacher. The modern demands on the foreman are much m: 
severe and exacting than they used to be. To ask him to b« 
teacher also is a questionable expedient except where the number 
trainees at one time is small. Where the plant expects foremen 
to be teachers, it seems reasonable to instruct them in methods 
of teaching. 

The instruction is usually for the sole purpose of increasing thie 
immediate productivity of new employees, saving waste of mate- 
rials, and reducing wear and tear on machines. The training o! 
apprentices is much broader and includes more of the industrial 
and economic background of production. The Federal Board 
Vocational Education, in Bulletin No. 48, urges the importance: 
teaching in shop schools, the character of and sources of the mate- 
rials used, the general processes of manufacture, the purpose and 
principles of planning and routing, the definition of terms fre- 
quently used, reading blueprints, job tickets, safety, welfare, 
hygiene, and the elimination of waste. 


WaGes DurinG TRAINING PERIOD 


In a plant where piece rates prevail a beginner will often becoine 
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discouraged and quit before he has learned the process and become 
sufficiently skilled to make a reasonable wage. It is usual to pro- 
vide a special day rate during the period of training so that the 
trainee will be assured of a certain minimum income until he has 
the skill necessary to earn a higher wage on a piece-rate basis of pay- 
ment. 

Another method is to give the trainee a bonus, during the learn- 
ing period, on the regular piece rate, depending on the production 
reached. If he does not accomplish the minimum production set 
he has the fixed day rate, and if he reaches or exceeds the minimum 
production he receives a bonus on the piece rate. 

Where contracts are let to a group to construct or erect parts or 
the whole of a complicated machine, the cost of instructing a new 
man is sometimes borne by the group as a part of the total cost or 
contract price. 

Where a group of workmen in a particular shop are held respon- 
sible for the instruction of new men, a leader is appointed who sees 
to the supply of tools, materials and the set-up of machines. The 
earnings of the leader may be charged to overhead, but enter into 
the cost of the job in that shop. In this manner the earnings of 
the group and of the individual are affected only by the time given 
by each man to instruction and not by the loss due to the reduced 

roduction of the leader. 

\ record card is kept of each learner, giving the time required to 

aster each machine or process, the production output, and com- 
ments ol 


the instructor or foreman on the progress of the learner. 
Che time 


card also gives valuable information as to the capacity of 
lifferent men to teach—or their indifference 


DIFFICULTIES IN SHop TRAINING 


The old method of having the foreman “break in” the new men 
resumed some knowledge of the job by the employee and was in 
wue when the foreman’s job was much simpler than now. Be- 
iuse of this custom and the desire of some foremen to continue this 
ity, it Is difficult to convince the management of the desirability 
having trained teachers, i.e., men of skill who have been instructed 
wtoteach. Too frequently a man is chosen to teach just because 
knows the subject. Very often one who is not an expert be- 
mes a better teacher because he has the gift or has been trained 
the process of teaching. 

I-xperience has demonstrated that assigning to the teaching an 

sistant foreman who has been trained to teach, or a selected 

rkman who has the qualities of a teacher, is economy. In other 
rds, the organization of teaching is important, and is increasingly 
portant as the number of trainees increases. 

Unfortunately there are very few books on teaching which are 
tten for and adapted to this particular condition. However, a 
ulus to the training of industrial teachers has been given by 
Smith-Hughes Act—a federal law which provides funds with 
ich to train industrial teachers for service in shops and in con- 

tinuation and trade schools. Each state has an organization for 
purpose operating under the joint supervision of the state 
department of education or public instruction and the Federal 
Board for Vocational Education. 


he expense ol 


maintaining trained instructors who are non-pro- 


ductive is frequently an objection in the eyes of the management. 
lt is difficult to show by figures the reduced time and materials 
used in learning, the saving in wear and tear on machines, the 
saving in the foremen’s time, the reduced turnover during the 
training period, the lessened interference with production, and the 
greater satisfaction to piece workers when they are not asked to 
break In new men. 

Good instruction insists on doing the thing in the right way, and 
then learning to do it as fast as possible by correct methods. Pro- 


duction insists on doing the work as fast as possible, though the 
methods pursued may not be the best and ultimately may not 
lead to the greatest possible production commensurate with the 
effort made. There is a natural conflict between good instruction 
and the purposes of the production department which is not given 
due weight. It has been found that those who have received a 
thorough apprentice training often make good teachers because 
they have been thoroughly trained and have learned in the logical 
order, i.e., they have been given the simplest jobs first, then the 
more complex, while the desire to obtain early production may lead 
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to an illogical order in the instruction of a new man and a waste of 
time. 


MEN 


Another difficulty arises from the fact that In many plants there 
is little attempt to select men who are adapted to the job. An in- 
creasing number, especially of the larger plants, select both appren- 
tices and skilled workmen (or those who are to be trained in some 
process requiring skill) with care. Educational tests of a simple 
character are given applicants for apprenticeships and systematic 
questions tending to establish fitness or unfitness are being applied 
to mature applicants. 


SELECTION O} 


Trade and psychological tests were ap- 
plied during the war and a valuable body of information and ex- 
perience was gathered. There is much that is sound, and when 
turnover costs from one hundred dollars per man to twice that, 
it seems the part of wisdom and economy to apply discriminatory 
tests to all applicants, keep a simple record, and test the efficacy 
of such tests by experience. There are numerous sources of informa- 
tion on this subject such asthe bulletin of the National Personnel Asso- 
ciation, The Instructor, the Man and the Job, by Charles R. Allen 
and various journals on applied psychology, management, ete 

In conclusion, it Is safe 
should be productior 
floor depends on the size of the plant, normal turnover, complexity 
of the job to be learned, and other factors In case more at- 
tention should be given to organizing the instruction, selecting those 


to say that whether the shop training 


done in a separate department or on the 


any 


to be trained with more discrimination, selecting instructors be- 


cause of their skill as workers and as teachers, and so arranging 
the instruction as to give the new employee the best information 
avallable his job, the methods, 


used. some day we shall realize the importance of giving him 4 


about materials, and machines 
reflection of company ideals, methods of recognizing ability, faith- 
ful service, and loyalty. Perhaps industry will see the wisdom, even 
economy, of teaching its younger men the fundamental principles 
upon which a sound future industrial policy must rest. Up to the 
present time industry has had very few ideals, with marked indi- 
vidual exceptions, and such ideals as it may have had have been 
carefully locked in the safe rather than spread among the employees 

Industrial management in the United States, speaking broadly, 
has never used educational methods for its own salvation and for 
the upbuilding of industry 


However, some have appreciated the 
value of teaching 


and have found such methods distin: tly effective. 


INDUSTRIAL EDUCATION AS REPRE- 
SENTED IN SCHOOLS 


By C. R. RICHARDS,? NEW YORK, N. Y. 


TP HiRtTyY years ago, the demand was often voiced on the part 

of employers for trade schools to train mechanics compe- 
tently in place of the disappearing apprenticeship system. During 
these thirty years a number of attempts to meet this demand in 
schools both under private and public control have been made but 
the results and experience gained have not demonstrated that this 
function is one that can be served effectively in a large way by a 
school. 

Outside of a number of schools run on a business basis for profit 
there are at present in the United States some fifteen or more schools 
that, strictly speaking, may be called trade schools, that is, schools 
admitting applicants sixteen years of age or over and aiming to 
train manual workers for a trade. The first of these, the New York 
Trade School, was founded by Richard T. Auchmuty in 1881. The 
development of schools aiming to take the place of apprenticeship 
in whole or in part after this date was very gradual—the Williamson 
Free School of Mechanical Trades was founded in 1889 and the 
Baron de Hirsch Trade School in 1891. 

In 1907 the trade school entered upon the stage of public admin- 
istration. In that year the Milwaukee School of Trades previously 
established was taken over by the city under the terms of the In- 
dustrial Education law passed by the Wisconsin legislature. Since 
that date public trade schools have been opened in Philadelphia, 
Pa., Portland, Ore., Bridgeport, New Britain and other places in 

1 Staff Federal Board for Vocational Education, Washington, D. C. 

2 Director, Cooper Union. Mem. Am.Soc.M.E. 
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Connecticut, Worcester, Mass., Yonkers, N. Y., Indianapolis, 
Ind., and Scranton, Pa., together with several institutions on pri- 
vate foundations such as the David Ranken, Jr., School of Me- 
chanical Trades at St. Louis, the Arthur Hill School of Trades at 
Saginaw, Mich., and certain departments of the Dunwoody In- 
stitute, Minn. 

Certain of these schools—the New York Trade School and the 
Baron de Hirsch—represent the short-course type; the others offer 
courses of two or three years in which practical trade training is 
supplemented by instruction in drawing and technical practice and 
in some cases by science and mathematics. 

One reason why schools of this type have not further increased 
in number is because of the severe economic difficulties under 
which they labor. First of these difficulties is the problem of sup- 
port presented to the student worker during the period of instruc- 
tion. Trade school training of the type under discussion is in com- 
mon practice restricted to the period above sixteen years of age, 
and as the great bulk of the youth who will form the mechanical and 
industrial workers of the country must of necessity enter upon 
remunerative work at sixteen or shortly after, the sacrifices nec- 
essary to permit attendance at a trade school can be expected 
only from a comparative few. The second aspect of the economic 
problem in relation to such schools is found in the large expense of 
administration, instruction, materials, and physical maintenance 
in proportion to the number of students that can be instructed. 
To be successful the trade school must demonstrate not only that 
it can give a better training than that obtainable under practical 
commercial conditions but that it can give training so much better 
as to compensate for the loss of wages during the learning period. 
At the best it is only in a few high-grade trades, the full command of 
which involves extensive subject matter and breadth of experience, 
that trade-school training can claim sufficient advantages over 
training under commercial conditions to repay its expense. It 
is, consequently, only in cities representing exceptional concentra- 
tion of such industries that trade schools, at least of the long- 
course type, can expect support, and it is not yet entirely clear even 
in these cases whether the results obtained are proportionate to 
their expense. 

It is in other fields that the large place of the school as a factor in 
industrial training has become evident—in the fields of preparatory 
and supplementary education. Here the schools have demonstra- 
ted their great value. 

To properly estimate the place of the school in this whole con- 
nection it is essential not only that some knowledge be had as to 
what is being done in schools at the present time, but that an un- 
derstanding be developed as to what forms of instruction can be 
most effectively consummated outside of the industries—that is, 
in schools; and what phases can be developed effectively only 
inside the industries. Both types of training are essential in a 
comprehensive system of industrial education—one is complemen- 
tary to the other—and both need to be encouraged with intelli- 
gent discrimination in order that they may be developed as parts 
of an effective whole. 


EVENING SCHOOLS 


The largest development of supplementary instruction has been 
in the evening school. This type is the earliest development 
of industrial education in our country and today reaches the largest 
numbers. Cooper Union and Mechanics Institute of New York; 
Franklin Institute and Spring Garden Institute of Philadelphia; 
The Ohio Mechanics Institute of Cincinnati; and the Virginia 
Mechanics Institute of Richmond all opened their classes about the 
middle of the nineteenth century. These schools were all due to 
private initiative and it was only slowly that schools under public 
administration entered this field. 

The early work of the evening industrial and technical classes 
consisted of various lines of drawing, to which were gradually 
added courses in science, mathematics and technical subjects. Be- 
ginning about 1890 certain of these institutions established prac- 
tical shop courses in a few of the high-grade mechanical trades 
intended to broaden the experience obtained by the student during 
the day. 

The concern of public evening schools was formerly almost en- 
tirely with general studies and it is only of late years that dif- 


Vou. 45, No. 3 


ferentiated and specialized courses related to industrial practice 
have been introduced in the schools of the more important cities, 
The expansion of such work, however, is now going on rapidly, 
In New York State in the year 1920-21 there were enrolled 22,984 
men and 4,222 women in evening industrial extension classes under 
public administration, admission to which required actual em- 


ployment in a related trade. The law in this connection states: 


Evening vocational schools (may 


be established in cities) in which in 


struction shall be given in the trades and in industrial i R 
subjects which shall be open to pupils over sixteen years of age, who are 


regularly and lawfully employed during the day and which shall provide 


instruction in subjects related to the practical work carried on in such 


employment. 


A list of the evening industrial courses for men given during the 
vear 1921-22 in New York State is as follows: 


Auto mechanics 
Auto-block testing 
Chassis repairing 
Engine repairing 
Gas-engine theory 
Lighting and starting 
Storage batteries 
Vulcanizing and tire repairing 
Architectural drafting 
Blacksmithing 
Book illustrating 
Clay modeling 
Commercial photography 
Cooking and catering 
Dental trade (mechanical dentistry 
Electricity 
Alternating-current theory 
Direct-current theory 
Electric installation (house wir- 
ing) 
Plan reading and estimating for 
electricians 
Principles of artificial lighting 
Radio 
Railway signal work 
Telegraphy 
Telephony 
Underwriter rules and regula- 
tions 
Foreman training 
Hydraulics 
Industrial chemistry 
Interior decorating 
Jewelry design 
Life drawing 
Machine shop 
Advanced machine-shop prac- 


tice 

Elementary machine-shop prac- 
tice 

Blueprint reading for machin- 
ists 


Mechanical drawing for ma- 
chinists 
Free-hand sketching for ma- 


chinists 

Shop mathematics for machin- 
ists 

Theory of materials and proc- 
esses 


Tool designing 
Tool making 
Mechanical drafting 
Advanced mechanical drafting 
Elementary mechanical draft- 
ing 
Mill wrighting 
Motion-picture operating 
Mural designing 
Player-piano mechanics 


Plumbing and heating 
Leadwork 
Plan reading and estimating 
Principles of heating and ver 
tilation 
Hot-air system 
Hot-water system 
Steam heating 
Poster designing 
Printing 
Advance h in ] compositior 
Cost estimating 
Elementary hand composition 
Job and evlinder presswork 
Kelly press operating 
Monotype operating 
Offset presswork 
Photo lithographing 
Proof reading 
Ty pographic il design 
Sheet metal work 
Plan reading and estimating 
Sheet-metal drafting 
Shop mathematics 
Ship drafting 
Ship fitting 
Shoe finishing 
Cobbling 
Sign painting 
Steam engineering 
Textiles 
Garment-machine operating 
Knitted fabrics 
Lace designing 
Loom repairing 
Men’s tailoring 
Ribbon manufacturing 
Textile chemistry 
Textile design 
Women’s tailoring 
Woodworking 
Advanced cabinet making 
Elementary cabinet mak 
Drawing for cabinet mak: 
Blueprint reading for ec 
penters 
Framing 
Millwork 
Inside finishing 
Plan reading and esti: 
ing 
Stair building 
Use of steel square 
Patternmaking 
Terra-cotta work 
Upholstering 
Welding 
Electric 
Oxyacetylene 


The attendance in these trade extension courses in New Y 


> 


City during the year 1920-1921 was 13,538 men and 3,969 wom 


Part-Time CLASSES 


Part-time classes are a development of comparatively reco' 
Laws making it permissive for municipalities to deve op 


years. 


part-time classes in place of evening classes for employed boys «nd 
girls who had not finished the elementary school began to appear 45 
early as thirty years ago. The first law making attendance co'- 
pulsory in such classes was that of the state of Wisconsin in 1!!! 1. 
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This action was followed by other states until the number that have 
enacted such laws now reaches twenty-one. As long as these 
compulsory school laws referred only to boys and girls up to the 
age of 16 years they had limited significance from the standpoint 
of industrial education as the instruction given was necessarily 
largely of a general nature. In 1917 Wisconsin passed a law making 
attendance in a part-time school compulsory for all employed 
boys and girls up to 18 years of age. Since that time such laws have 
been passed in 10 states with the result that opportunities for im- 
parting valuable instruction in matters related to the needs of the 
vocation in which the boy or girl is employed have developed. 
The opportunities for rounding out and broadening the education of 
the young workers in the industries thus presented are very im- 
portant although the extent to which such instruction can function 
on the industrial side is largely dependent upon the size of the com- 
munity in which such classes are maintained or upon a degree of 
industrial concentration in the community which will allow classes 
from single or related industries to be segregated so that spec- 
ialized class instruction can be given. 

The large opportunities for related vocational instruction in this 
field lie in connection with the high-grade trades involving con- 
iderable content of trade or technical knowledge depending on an 
inderstanding of elementary mathematics and science. In the case 
if low-grade factory industries where neither processes or materials 
present need for technical knowledge the school instruction must 
re cessarily assume other directions. 

The results of such instruction, however, whether dealing with 
pupils from skilled trades or factory industries, have been found 
f much assistance to foremen and superintendents in determining 
promotional opportunities inside the plant. 

he numbers in part-time classes in Ne 
1921-1922 were 26,678 boys and 21,760 girls 


York state in the year 
The New York state 
w requires that part-time schools shall ve established in cities 
nd school districts having a population of five thousand or more 
nhabitants and that each minor under age of 18 years who is not 
regular attendance upon some public, private or parochial 
ool or who is regularly employed in some occupation, unless he 
completed a four-year secondary course of instruction, shall 
tend a part-time school. Such attendance shall be for not less 
n four hours a week and not more than eight hours a week. 
lhese hours should be between the hours of 8 o’clock forenoon and 
» o'clock afternoon. This law was put in operation September, 
0, and municipalities are given until September, 1925, to put 
the law into full operation. 
\t the present time practically all cities outside of New York 
require the attendance at such schools of all employed minors 
14, 15, and 16 years of age. New York City requires the attendance 
those 14, 15, and 16 years of age when they are not elementary 
ol graduates. Schools or classes are now in operation in 103 
communities in the state. 
irt-time instruction is apparently destined to increase through- 
out our country until it reaches all employed youth up to 18 years of 
ag Under these conditions the study of just what elements of 
instruction can be given best in these classes is a matter of much 
Importance and one requiring thoughtful consideration. The 
sulject is receiving considerable attention and the elements of the 
problem have been very well analyzed in a bulletin recently put 
forth by the Federal Board for Vocational Education called “Part- 
Tir Schools.”’ 


VOCATIONAL, INDUSTRIAL, OR UnIT-TRADE SCHOOLS 


Preparatory industrial training or pre-employment trade train- 
ing is represented in its most important phase by schools under 
public control called, variously, vocational schools, industrial schools, 
or unit-trade schools. These schools have arisen largely from the 
disc. very of the fact first brought out by the report of the Massa- 
chusetts Committee on Industrial and Technical Education in 
1906 that in the case of the large number of boys entering employ- 
men! at 14 years of age, the two years following are largely wasted 
48 lar as progress toward a skilled trade is concerned. 

The first school of this type to be established was at Rochester, 
N. Y., in 1908. Since then a considerable number of schools pro- 
viding practical work in one or more of the large trade groups, 
together with related instruction in drawing, elementary science, 
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history, English, shop calculations, accounting, and business forms 
have been organized in several eastern states. Such schools do not 
aim to impart a trade training but to develop some amount of 
industrial intelligence and knowledge of shop methods and mate- 
rials in the boy or girl 14 or 15 years of.age that they may be bet- 
ter prepared at 16 to enter upon industrial employment. 

The causes that have brought the preparatory trade school into 
being in the United States are not alone the economic advantage 
to the industries in preparing better material for entrance therein, 
an advantage that employers would be quick to perceive yet slow 
to bring about: but rather the recog ition on the part of the pub- 
lic of a social obligation to better the opportunities for great num- 
bers of young persons to enter upon more substantial careers 

The development of these schools has been large ly confined to 
the eastern Atlantic states, particularly Massachusetts, New York, 
New Jersey and Pennsylvania. In New York state there were 
twenty-four such schools in 1920-1921, seattered throughout the 
different cities of the state. There were five in New York City, 
four in Buffalo, three in Rochester and lesser numbers in the smaller 


cities. Table 1 gives the unit trade courses maintained in thesi 
schools and the enrollment for 1921-1922. 
Tat l ENROLLMENT BY TRADE Courses In Unit Trapt ' F New \¥ . 
FOR 1921-1922 
Fy 
Na Trade C« I Gir I ( 

EK} ctrica Ww 5 ' ' 
Machu h 200 ] ; 
Auto repairi 1111 ] ‘ 
Cabinetmak ary y OSY OSY 
Printin 477 f 177 
Mach.n lraftin $22 ) 122 ‘ 
atternmakiu 1 4 
Sheet metal 29 9 XB 
Architectural draft ) 159 2 
Plumbin H 14 } 
Commercial desi 115 115 2 
Si painting 72 0 2 
Book bindings 44 { 4 
Painting and decorating 27 0 27 
Forging 20 0 
Industrial chemistry 16 0 lf 
Power-plant operatin 16 0 16 
Shoemak 12 { 12 
Dressmaking 0 1250 1250 l 
Millinery 0 td) 16 l 
Garment-machine operating 0 190 190 ] 
Novelty, lamp shad« ample mount 

ing 0 , 9 l 
Garment ds n 0 29 29 l 
Straw-machine operating 0 2s 28 l 
Flowers and feathers 0 27 27 1 
Manicuring and shampooing 0 24 24 1 
Embroidery-machine operatin { 18 18 l 
Cooking 0 13 13 l 

Totals 6791 2104 SS95 


This type of school would appear to have become a stable ele- 
ment in the educational system and may be expected to assist 
materially in equipping a considerable number of boys and girls 
entering the industries with greater industrial intelligence, greater 
understanding of industrial processes, and greater interest in indus- 
trial careers. 

SecoNDARY TECHNICAL INSTITUTES 


A group of schools, small in number but performing most im- 
portant work in mechanical and electrical fields, have been devel- 
oped in various parts of the country in the last thirty years. These 
schools offer a technical training above that of the trade school 
and below that of the engineering school, aiming, in other words, ti 
equip the technical expert, designer, inspector, tester, overseer, 
shop superintendent and power-plant superintendent, in short, 
the non-commissioned officers of industry. Prominent among these 
schools are Pratt Institute, certain departments of the Carnegie 
Institute, the Ohio Mechanics Institute, the Rochester Mechan- 
ics Institute, the Lewis Institute, the Wentworth Institute, and 
the Dunwoody Institute. Such schools comprehend courses in 
machine construction, electrical construction, industrial electricity, 
steam and electrical power-plant practice, foundry management and 
operation, machine design, industrial chemistry and courses 
called industrial mechanical engineering and industrial electrical 
engineering. The courses generally extend two years in length 
although in certain schools they carry beyond this time. It is to 
be hoped that this type of school will develop considerably further 
in our country. It has a task to perform purely its own and one 
of extreme value to industry and engineering. 


TECHNICAL Hiau ScHoo.s 


A number of schools aiming to fulfil the office of secondary 
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technical schools have been organized under public administration 
in the last 20 years. The manual training schools which developed 
rapidly in the United States between 1880 and 1900 did not con- 
tribute, as they were expected, trained workers to the industries, 
and attempts have been made to convert some of these schools 
into technical high schools having the distinct purpose of preparing 
pupils for industrial leadership, that is, for positions in industrial 
life requiring skill and technical knowledge and of greater import- 
anee and responsibility than those of skilled mechanics. The 
weakness of such schools, considered from the standpoint of the 
productive or operating industries, lies mainly in the fact that 
they neither require practical experience before entrance nor pro- 
vide parallel experience as in the case of coéperative schools. As 
a result their graduates have mainly entered drawing rooms and 
other white-shirt occupations in industry or else, to a considerable 
extent, gone on to engineering schools. One of the functions for 
which these schools seem relatively well fitted is that of preparing 
young persons for entrance into the field of industrial chemistry. 


COOPERATIVE SCHOOLS 


The codperative plan by which the students spend half their 
time at work in industrial establishments and half in school, and 
which was first highly developed in the engineering department of 
the University of Cincinnati, has since been applied to students 
of high-school grade. This plan differs from the part-time plan in 
some important respects. In the first place the student body con- 
sists of enrolled high-school students and not of young workers al- 
ready employed in commercial establishments. In the second 
place the larger amount of time spent in school allows both general 
and technical education to be carried much further. This type of 
school is maintained in some 47 cities in our country at the present 
time but its exact place in the scheme of industrial education is 
not yet clearly defined. Whether, on the one hand, any consider- 
able number of those aiming at and fitted for regular mechanics’ 
work in trades will be drawn to such schools, or whether, on the 
other hand, such schools will develop capacity for training leaders 
of the foreman and expert type still remains to be seen. 

It is to be doubted that many high school students can be counted 
upon to enter manual occupations in the industries. We must 
recognize that the ideals of the homes from which come the large 
body of high-school students are directed distinctly away from such 
occupations for the sons and daughters and it would seem clear that 
the contributions of the high school to the field of industry must be 
found in supplying young men with the basis of a good education 
who are fitted after a further period of practical experience to attain 
positions of at least subordinate leadership. 

From this point of view it is evident that codperative industrial 
classes in the high schools cannot be expected to reach large numbers, 
but on the other hand it is also evident that such classes give promise 
of developing a type of young man well fitted to find an important 
place in the industrial order. 


FOREMAN TRAINING 


Considerable development has been made in the past two years 
in the very important field of foreman training. A valuable 
contribution was made to the subject by a report published in 1920 
by the Federal Board for Vocational Education by Charles R. Allen.! 
The work has been forwarded both by the Federal Board and by 
state authorities. In the former case the work has been promoted 
in three principal ways: 

First, by national conferences of four weeks in length held dur- 
ing the last two summers at Minneapolis, attended by state rep- 
resentatives and representatives of industrial concerns, in which 
courses for the training of conference leaders were developed. 

Second, demonstration courses or conferences conducted by agents 
of industrial education service in industrial plants. A large number 
of these conferences have been held in various parts of the country 
in the last two years. The programs have almost uniformly 
covered a period of two weeks and foremen have been in atten- 
dance at the conference either five or six hours a day during working 
hours. 

Third, through publishing the results of research and experi- 
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mental work and distributing this material to persons in the states 
and industries who are concerned with the problem of foreman 
training. 

Programs of foreman training have also been developed by the 
states of New York, Missouri, Pennsylvania, Nebraska, Virginia, 
Georgia, and Ohio. This work is generally conducted by some 
educational institution of recognized standing under the super- 
vision of the special state agent in charge of this type of work. 
Most state work is conducted in industrial plants during the regular 
working hours. 

The development of this work promises to be one of the most im- 
portant as yet undertaken by the schools. It has been dealt with 
not on the conventional basis of school instruction but largely 
through conferences in which the chairman or leader seeks to make 
his points by drawing out the experiences of the foremen present. 
Assistance in this field has been eagerly sought for by employers 
and if the work is carried out with the same judgment and care 
that have marked its beginnings it may well prove of invaluable 
service to industry. 


RESULTS OF FEDERAL VOCATIONAL EpUcATION Act 


The passage of the vocational education bill, commonly called 
the Smith-Hughes Act, by Congress in February, 1917, placed the 
the whole matter of vocational training in schools upon a new basis 
By the provisions of this act, which went into effect July 1, 1917, 
one-half the cost of the salaries of teachers of trade and home eco- 
nomics subjects and of teachers and supervisors of trade and agri- 
cultural subjects is paid by the Federal Government up to the limit 
set by the government appropriation and one-half is paid by the 
state or local community. The state or local community or bot! 
must meet all the other expenses of the schools including sité 
plant, equipment and other expenses together with the salarie 
of teachers of academic subjects. 

To take advantage of its provisions the act requires the stats 
through its authority to accept the provisions of the federal bill, des 
ignate or create a state board of control and designate the stat: 
treasurer as custodian of the funds. All moneys disbursed by th: 
board are paid by the state treasurer to approved schools a 
reimbursement for expenditures already incurrred. Federal money 
is paid to local communities only after their work has been approved 
by the state board on the basis of the federal act. 

Schools entitled to the benefit of the federal grant are: (a) all da’ 
schools in which half the time must be given to actual practice « 
a vocation on a useful or productive basis; (6) part-time schoo 
or classes for workers over fourteen years of age; (c) even 
schools or classes for workers over sixteen years of age. 

In order that states may receive federal aid, teachers, sup 
visors, and directors must have the minimum qualifications, t 
plant and equipment must meet the minimum requirements, a! 
efficiency of instruction must meet the minimum standards as 
up by the state board and approved by the federal board. 

The Federal Board for Vocational Education is composed of + 
Secretary of Agriculture, the Secretary of Commerce, the Secreta 
of Labor, the United States Commissioner of Education and thr 
citizens appointed by the President by and with the consent of t 
Senate, one to be a representative of manufacturing and commer 
interests, one a representative of agricultural interests, and on 
representative of labor. 

The effect of the Federal Vocational Education Act upon 
development of vocational education since its enactment has b 
very marked. Prior to the passage of the act only seven states in 
union had enacted laws recognizing vocational education as a p 
of the public school program and appropriated funds to assist | 
communities in developing this type of work. Before January 
1918, every state in the union, through official action by the leg 
lature or by the governor, had accepted the provisions of the Fed- 
eral Vocational Education Act. Every state during the same 
period submitted plans for accepting the provisions of the federal 
act and the rulings of the Federal Board for Vocational Educati«! 
as regards standards and methods. Every state also set up 4 
definite State Board for Vocational Education and organized itself 
for the discharge of its duties under a responsible staff. The num- 
ber of states employing supervisors of trade and industrial educa- 
tion in 1916 was seven, in 1921 was forty-five. 
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In 1916 the total appropriations by states for vocational educa- 
tion was $1,300,510.15 and expenditures by local communities 
was $2,118,208.96, making a total of $3,418,719.11. In 1921 the 
total state appropriations were $5,595,956.78, those by local 
communities $9,489,809.01, and federal appropriations in the same 
year were $2,949,850.57, making a total of $18,035,616.36. The 
most significant element in these figures is the increase of local 
appropriations largely brought about by the stimulus of federal 
grants. Enrollment in federally aided vocational schools increased 
from 164,186 in 1917 to 323,028 in 1921. 

The publications prepared by the Federal Board for Vocational 
Mducation upon various problems of vocational education and 
administration have been extremely helpful to those engaged in 
the field. 

The value represented by the great expansion of vocational 
education under public control undoubtedly should not be entirely 
measured by figures of enrollment or by money expended. During 
the rapid development of the last few vears, some of this work 
unquestionably has not been entirely effective or well done, as it 
has not always had the benefit of thoroughly competent instructors 
or supervisors. Like other educational work under public control its 
character is largely dependent upon the quality of personnel that 
is represented in the state departments of administration and by 
the local supervisory officers. It would seem to be a fact, how- 
ever, that in most of the states the men occupying these positons 
represent a new type of educator, a type practically minded, 
generally possessed of some measure of practical experience and 
haracterized by energy, initiative, and forward-looking vision. 

Machinery has been set up and a large personnel developed for 
1 Vastly important work and if the results of this work, the policies 
pursued, and the quality of organization represented can receive 

‘th eriticism when deserved and encouragement when merited 
from practical men and in particular from men of engineering status, 
the possibilities of sound and competent development of this phase 
f industrial education will be greatly increased. 


rhe foregoing review of the present status of the many types of 

lustrial education proves that such education has already ad- 

need in a truly remarkable way and promises much for the 

ture. An attendance in trade extension courses in New York 

me of over 100,000, with approximately 325,000 studying in 

lerally aided vocational schools supported by appropriations of 

er $18,000,000, together with a record of over 4,000,000 students 

the United States having completed correspondence courses, 

will suggest much to the lay mind. 

Director Moyer gives a clear and valuable survey of existing 

ilities for correspondence instruction and shows how employees 

the industries may best secure the advantages thereof. That 

se advantages may be the greatest, each industry should co- 
operate with the university-extension agency in its state and 
secure for its employees the additional personal instruction furnished 
when correspondence instruction is applied for by groups, and the 
consequent formation of what are called extension classes. 

lean Sackett’s description of existing apprentice and shop 
schools will prove of value to every industry which has under 
consideration the starting of such a school in its own establish- 
ments. The associated analysis by Dean Sackett of the difficulties 
0 be overcome is not the least important part of his contribution. 

Director Richards deals with the organized trade schools and 
vocational education of industrial nature in the public schools. 
Evening schools, part-time schools, unit trade schools, secondary 
schools and high schools for technical training, and coéperative 
schools of vocational nature are all included within his theme and 
receive his illuminating analysis. A very important part of the 
paper is his summary of the results of the Federal Vocational 
Education Act. 

The Committee is of the opinion that not only are these papers 
which it puts forward as its report of much value in themselves, but 
that a full discussion of the subjects treated therein by the members 
of this Society who are directly connected with manufacturing will 
result in an additional improvement in the practice. 

W. W. Nicuo.xs, Chairman, 
Committee on Education and Training 
for the Industries. 
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Discussion 


‘THE previous reports were presented at the A.S.M.E. Annual 

Meeting Session held December 5, 1922, with W. W. Nicho 
Chairman of the Committee on Education and Training 
Industries, in the chair 

In discussing the section devoted to ext nsion and COTTeSpol den 
schools, Dane A Carpenter pointed out that. while instruction by 
correspondence is as old as written language, the large field for 
this work is evident from the fact that only 13.9 per cent of th 
pupils entering grammar school graduate from high school 
only 2.3 per cent graduate from colleges or universities. Eve 
though colleges increase their registration at the present rate the 
will be able to handle only a small fraction of the high-school grad 
uates Mr. Carpe nter expressed the belief that the disad) intage 
commonly mentioned in connection with correspondence teaching 
namely, lack of personal intercourse between teacher and pupil 
and pupils in schools, had been greatly overstressed He em 
phasized the fact that the merit of anv correspondence Instituto 
depends upon inspirational effort, adequate textbooks, and edue 
tional service. He agreed thoroughly with Dr. Hollis, who, in |} 
introduction to Dr. Moyer’s paper, stated that the strength of the 
correspondence school was its ability to employ the very best 
talent in the preparation of the textbooks. D. B. Preston told 
of the work being carried on by the Extension Division of thy 
United Y.M.C.A. schools. The standard course which is being 
earried on by the Y.M.C.A. schools in class rooms of vario 
manufacturing institutions throughout the country is also be 
conducted by the Extension Division by correspondence. T] 
Ixecutive Division instructors who direct the lessons and chec! 
and compare results have found that in almost every case the work 
of the Extension Schools is superior to that of the class-r 
students, 

In closing his discussion, Dr. Mover stated his belief that our 
high-school education should be changed so that the students would 
be encouraged to take a smaller part ol the high-school work and 
finish their education by night-school study, in extension schools 
or by correspondence schools. 

In his discussion on the second subdivision of the report, that 
devoted to school for apprentices and shop training, George M 
sasford stressed the importance of convincing the higher executives 
of the organization that men can be trained and can be used after 
training. Only when executives look inside their own organization 
for the man they want and for the man they themselves have made, 
can training in the industries and by the industries be successful 

J.C. Wright emphasized the words of the previous speake1 and 
assigned to the engineers of the country the responsibility for 
leadership in securing a greater understanding of the need for indus- 
trial training. He asked for the moral support and active assis 
tance of the engineering profession for the Federal B. ord for Voca- 
tional Education. Frank B. Gilbreth also supported the remarks 
of Mr. Basford as to the importance of securing understanding by 
executives of the need for industrial training, especially that type 
which recorded “the one best way.” 

J. P. Brown, F. P. Anderson, James A. Moyer, W. H. Sawtell, 
and F. Kk. Matthewson discussed the merits of the high school and 
its place in preparing for industry. In closing the discussion Dean 
Sackett reémphasized the marked change in the attitude of manage- 
ment toward education as exemplified by the period preceding the 
war in comparison with the war period and since the war. He 
stated it was his belief that one of the best contributions of shop 
training is the bringing together of the management and the men 
into closer relationship, and if this relationship permits the dis- 
cussion of the fundamental principles of sound industry, a great 
deal has been accomplished. Arthur L. Williston stressed the 
importance of grouping in the preparation and training of the 
workers of industry. He suggested that each member of the Society 
attempt to induce the organization with which he is connected to 
record the facts regarding the extent to which workers were devoting 
themselves to self-improvement in correspondence schools or part- 
time schools. Dr. Hollis stated that all education must tend 
toward fitting young men to make a living that they might not 
become public charges and to use intelligently the spare time that 
they can gain by reduction of hours of labor. 




















































































































































































































































































































New Factors Influencing the Design of 
Woodworking Machinery 


By SERN MADSEN,! CLINTON, IOWA 


Such factors as the adoption of high-speed steel, demands of greater 
economy, power and speed, the use of ball bearings, and the direct applica- 
tion of the electric drive, necessitate new standards for woodworking ma- 
The author discusses these factors, summarizes the problems of 
driving and fitting cutter heads, and tells how ball bearings and electric 
motors overcome many of them. 


chinery. 


The savings in power resulting from the 
use of ball-bearing motor-driven arbors are pointed out, and the paper 
includes tables of synchronous-motor speeds and motor speeds available 
with two and three frequencies. 


OODWORKING machinery, which has been considered 
V\ standard for many years, is now passing through a 

period of revolutionary design. Among the many 
factors which are causing this change may be mentioned: (1) 
Adoption of high-speed steel and improved cutter-head design; 
(2) the demands for greater speed and more economical production; 
(3) the use of ball bearings for high-speed arbors; and (4) the 
direct application of the electric drive, first to individual machines, 
and now to each individual head. 

It is the purpose of this paper to show how these factors are 
greatly influencing and determining the type of woodworking 
machinery of the future. The machines considered, for the most 
part, will be those used in the sash, door, and millwork industries, 

















Fig. 1 DovuBie Cut-Orr Saw 

The motor applications to this machine illustrate how well motors can be used 
to apply power to arbors adjustable to various angles. These motors are built to 
carry the entire bearing load in the end plates of the motor itself. The bearings 
are of the single-row deep-groove type with about 18 or 20 5/j¢-in. balls 
lubrication is used.) 


Grease 


and these represent quite completely all the machinery used in the 
remanufacture of lumber into finished products. 

Practically all woodworking machines perform their work by a 
process of milling, abrading, boring, or pressing. By far the greater 
number perform shaping operations and use milling or cutter heads 
of various shapes and forms. Discussion of this class of machines, 
alone will be fairly representative of the entire line. 

Currer Heaps 

In the early days of the development of the woodworking industry 
only the very choicest lumber was used. Preferably softer woods 
and the straighter-grained materials went into articles requiring 
much shaping and fine finishes. With such materials the old-style 
square cutter head did remarkably well. Having a hook with an 
angle of 45 deg. it cut and planed well with a minimum of power 
required. The growing scarcity of softer wood resulted in the 
necessity of working up not only the harder woods but the crooked- 


1 Superintendent of plant equipment, Curtis Companies, Ine. Mem. 
Am.Soc.M.E. 

Contributed by the Forest Products Division and presented at the 
Annual Meeting, New York, December 4 to 7, 1922, of Tue AmMeRICAN 
Society oF MEcHANICAL ENGINEERS. Slightly abridged. All papers are 
subject to revision. 


Coupled with this came the demands 
The square head, though still used to some ex- 
tent, had a tendency to tear due to its great hook. The remedy 
was to back bevel or reduce the cutting angle of the bits. Two 
difficulties were encountered: carbon steel would not stand up, and 
the power required to drive the heads increased. The adoption of 
high-speed steel remedied the one difficulty but did not reduce the 
power. 

The improved work and absence of tearing resulting from more 
of a scraping cut has so influenced cutter-head design that now it is 
not unusual to find cutter heads with as little as 5 or 10 deg. rake 
instead of the original 45 deg. With cutters having so little angle 
the shavings are broken up and come off more curly 
the power required may be reduced by setting the cutters at a 
sufficient angle to produce a side-shearing cut. 


grained materials as well. 
for greater speed. 


In some cases 


More POWER AND SPEED 


When it was found that high-speed steel would stand the scraping 
cut it became almost universal practice to apply more power and 
turn out more work. Milled-to-pattern bits and round heads wit}! 
their high-speed-steel bits were developed; as all of these could 
withstand greater centrifugal stress, higher speeds could be use 
in an endeavor to obtain more knife cuts. 

Here again it was found that more power and more speed meant 
wider belts, larger pulleys, and excessive belt speeds. At somewher 
around 4000 r.p.m. we begin to experience more or less trouble ir 
transmitting power to the cutter heads by means of belts. Cer 
trifugal force tends to reduce both the grip of the belt and the ar 
of contact on the cutter-arbor pulley. The high belt speed tend 
to whip it to pieces and necessity for greater tension strains the belt 
Heating up of the pulleys tends to increase belt slippage and furthe 
aggravates the trouble. 

Whether influenced by these considerations or not, belt-driv: 
machines have not generally been designed to operate at more tha 
from 3600 to 4000 r.p.m. The use of two driving belts, one at ea 
end of the cutter-head arbor, has enabled some machines to operat 
at the higher speeds. 

Since designers were limited in the direction of increased cutt 
head speeds and since it is practically impossible to set two or my 
knives or bits to cut exactly the same, it was necessary to find so 
means of securing a greater number of uniform-depth knife cuts | 
revolution of the cutter heads. Larger-diameter cutter hea 
were adopted and more bits inserted, but no matter how carefu 
set up, generally but one bit actually does te finish cutting : 
leaves “revolution marks” on the work. The axis of rotation o! 
cutter head at high or operating speed is never the same as at r 


Slight unbalance causes a corresponding “tirow’’ at high speed 
which may be sufficient to cause one bit to cut deeper than the r 
We may be able to make all bits cut, but seldom will they ‘fini 
the same depth. A difference of 0.001 in. or less is very apparent 
on feeds greater than 1 in. for each 15 revolutions of the cutter head 
The problem of getting all bits to cut has practically been solved 


by jointing or dressing them to even length with a stone while | 
head runs at cutting speed. High-speed steel is much more sat is- 
factory where jointing is necessary. If the “heel’’ produced by 
jointing varies too much on the successive bits or cutters the effect 
is as bad as though one were longer than the others. In spite of 
all these improvements there are still cutter heads that cannot be 
jointed and we must depend on higher rotative speeds. 

Having summed up the various problems of driving and fit! ing 
cutter heads, it is interesting to note how admirably ball bearings 
and electric motors overcome many of them. The belt drive, a‘ \ts 
best, subjects the bearings to more or less pounding and vibration 
and also causes a tremendous amount of side pull and friction owing 
to belt tension. 

A motor direct-coupled to the arbor overcomes some of 1 ics€ 
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sbjections, but still involves difficulties with couplings, alignment, 
tc., besides requiring considerable space. 
A practice which is constantly growing in favor is to 


“build the 


motor in” so as to make the motor shaft and cutter arbor identical. 


W! 


teady torque, and an 


le such an arrangement is ideal in providing high speeds, even, 
still involves some 
there is still 
machine builders 
and let 


overhung shaft with no bearings in the stator 


| } 

abundance ot power, it 
On this one point 
toward standard construction 


probler in bearing design no 
ppron } 


unt tl 


some 


» motor entirely outside the main arbor bearing: 


ne rotor run on an 
atsoever. This ks very well on lower speeds 
ISO0 r.p.m., but its use ts bh] ds of 


questionable 


construction 


WoO! 


on pe 
600 r.p ind higher 
Atte mpts have been made to improve this construction by use of 


n outer bearing in the motor, but best practice greatly favors the 
of only two bearings on any high-speed arbor wherever possible. 
Another method which appears to meet with more approval 
to build the motor frames exceedingly strong, with heavy bearings 
d as great overall length as practical. 
One machine builder has adopted a construction involving a 
ivy yoke with heavy bearings at each end and mounting the 
the yoke. While this is an exceedingly heavy con- 
truction, it does remove nearly all mechanical stress from the motor 
me itself. 


itor on 


Still another method of construction used by a prominent machine 

iilder consists of mounting the arbor in the usual bearings at the 

ds of a heavy yoke. The motor complete is located on the arbor 

tween these bearings, and ball bearings in the end plates maintain 

irance between rotor and stator. 

These varied types of construction show that no definite best 

n has vet been decided upon. The essential problem is to pro- 

lor 

1 Rigid bearings without end play for the cutter-head arbor 

2 Bearings that will maintain, or are adjustable for, clearance 
between stator and rotor 

3 Bearings that will stand up at the higher speeds of 5000 to 
7000 r.p.m 


BALL BEARINGS 
nearly all of the designs ball bearings are used and are meeting 
" very good results. Types of bearings vary from the double- 
. ] ] 


self-aligning The latter 
the preference where end play is to be prevented, but the former 
is much preferred where radial load predominant. It is quite 
rtant that end thrust be cared for at only one bearing and that 
ther bearings be free to move longitudinally with the shaft as 
y expand or contract. One manufacturer uses a well-lubricated 
ve thrust bearing to resist end play in one direction, while one 
ball bearings meets it in the opposite direction. 
In the usual construction the inner ball race is locked to the arbor 
while the outer race is free to creep or turn gradually. Bearing 
facturers claim this is desirable in order to distribute gradually 


type to the deep-groove single-row. 


e wear to different surfaces of the outer race. Instances are 
known, however, where this has gradually worn the retaining case 
to the point of objectionable looseness. Proper lubrication also 
seems, to be a problem worthy of further study. Ordinarily hard- 
gre cups are used but better, more nearly fool-proof devices, 


lubrication most 
Prevention of oil leakage into the motor 
gs is a difficult problem to solve succes sfully. 

The life of ball bearings at high speed is something not yet well 


are eded. Automatic circulating-oil 
le for high speeds. 


seems 


determined. It is generally agreed that they do not need replacing 
80 often as babbitted bearings. Very few properly designed bear- 
ings fail short of what is considered satisfactory service. 


Even with the possibility of an occasional bearing failure, there 


hevertheless seems to be a general feeling among users that it is far 
cheaper, both in time and money, to replace an occasional ball 
bearing, than to replace babbitted bearings giving a like service. 
A prominent designer advances the belief that the average life of 
bearings operating at 3000 to 7200 r.p.m. will be about three years, 
and that at speeds slower than this they will last indefinitely. 


PowER REQUIREMENTS 


The savings in power resulting from the use of ball-bearing motor- 
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driven arbors is little short of 
belt-driven equipment seem to indicate 


nearly 50 per cent of the po 


wer now 


ISI 


ts of motorized and 
that we may hope to save 


amazing. Tes 


used for driving such machines 


as molders, stickers, planers, sanders, ete. This is cheering news 
in the face of the facts brought out earlier in this paper that the later 
types of he ids designed to do better work do r lire more power 
to drive them Bv tl h DV co dene it ma De po ible for 
woodworking plants to keep their power requirements from con- 
tinually mounting highet 

W hile it sencouragineg t iow that the otal pr wer! i! its 
of a wood y plant - du 1 ti ibstitu ( l|- 
bearing motor-drive ere nevel re other new 
problems that must be cor ered In ord to motoriz ima ne 
completely it is n to make the aggregate rsepower of 
all the individual motors much greater than the average power 
consumption of the n e. Kach motor must be enough over- 
size to care for extreme or overload conditions Oversize or under- 
loaded motors operate at a lower power factor. It is therefore 
necessary to provide either oversize generators or to install syn- 








Fic. 2 Dovsie-Enp Cut-Orr Saw 
This machine uses nine motors and illustrates well how belt and gear drives are 
being eliminated To meet the limitations of small space even the motors have to 
be built with small diameters and increased in length Motor controls on this class 
of machines provide that the motor driving the feed will stop automatically if for 
any reason any one of the cutter-head motor hould stop Push-button control is 


bein almost exclusi 


adopted 


chronous condensers In a new lavout perhaps the larger generator 
is preferable, while for equipment already installed the synchronous 


motor offers the best solution 


HIGHER FREQUENCIES 


In general, 3-phase 60-cycle current is standard for woodworking 
plants. 
but also to comparative ly few other speeds 


This limits motor speeds not only to 3600 r.p.m. maximum 
Frequency changers 
are now standard equipment with many electrical manufacturers, 
and they are generally installed as individual units to care for each 
new high-speed motor-driven machine as installed. This practice 
soon requires an undesirable number of extra units. 

A problem which is already becoming acute is to determine the 
better practice of providing higher-frequency current, whether by 
frequency changers or by direct generation in the power plant; 
also how many frequencies should be available and which will give 
the desirable Table 1 gives the 
available synchronous speeds for a wide range of frequencies. From 


most range of motor speeds. 
this we can choose such combinations as are desired. 

Assuming that 60 cycles will always be standard and that one 
other frequency is desired, Table 2 gives the additional motor speeds 
for 80and 85 cycles. Of the two, 80 cycles gives the better range, but 
the maximum speed available may not be considered high enough. 
If the highest speed must govern, then 85 cycles is preferable. 

If we wish to have three frequencies available we find that 60, 
75, and 90 cycles or 60, 80, and 100 cycles give the best ranges 
of speeds with the most uniform steps. The combination shown in 
the left-hand half of Table 3 gives a most desirable range above 
1080 r.p.m. and is probably preferable for direct connection of 
motor to cutter head arbors. 

The right-hand half of Table 3 shows a combination of speeds that 
has fairly even steps all through and is especially even in steps 
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TABLE 1 SYNCHRONOUS MOTOR SPEEDS 


No. of —_—S ————_—_—_—_—_——————- Number of Cycles- . 

Poles 60 65 70 75 80 85 90 95 100 105 110 115 
2 3600 3900 $200 4500 4800 5100 5400 S700 6000 6300 6600 6900 
4 1800 1950 2100 2250 2400 2550 2700 2850 3000 3150 3300 3450 
6 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2390 
S 900 975 1050 1125 1200 1275 1350 1425 1500 1575 1650 725 
10 720 780 S40 900 960 1020 1080 1140 1200 1260 1320 1380 
2 600 650 700 750 SOO S50 900 950 1000 1050 1100 1150 
14 512 555 597 640 683 725 768 S11 853 SOG 939 ON] 
16 £50 487 525 562 600 637 675 712 750 787 S25 SH2 

TABLE 2 MOTOR SPEEDS AVAILABLE WITH TWO FREQUENCIES 

2- to 16-pole motors 
Difference Difference 
Cycles in Cycle in 
60 80 speeds 60 85 speeds 
$50 450 
62 62 
512 512 
SS 2 
600 600 600 
83 37 
683 637 
37 83 
720 720 
80 5 
S00 725 
100 125 
900 S50 
60 75 
960 900 
240 120 
1200 1200 1020 
400 SO 
1600 1200 
200 7 
1800 1275 
600 $25 
2400 1700 
1200 100 
3600 1800 
1200 750 
4800 2550 
1050 
3600 
1500 
5100 
TABLE 3 MOTOR SPEEDS AVAILABLE WITH THREE FREQUENCIES 
2- to 16-pole motors 
—C ycles——~ Speed ——C ycles— Speed 
a 75 90 Diff 60 SO 100 Diff. 
$5 450 
62 62 
2 512 
1) SS 
962 600 600 
is s 
600 6HS3 
40 7 
640 720 
675 750 
45 0 
720 SOO 
30 ] 
750 853 
7 18 47 
«OS 900 
132 60 
900 900 900 960 
180 40 
1080 1000 
45 200 
1125 1200 1200 1200 
rf) s00 
1200 1500 
150 100 
1350 1600 
150 200 
1500 1800 
300 200 
1800 1800 2000 
$50 400 
9950 2400 
$50 600 
2700 3000 
900 600 
3600 3000 
900 1200 
4500 4800 
900 1200 
5400 6000 


for speeds below 1000 r.p.m. This makes this combination es- 
pecially desirable for direct connection of motors to exhauster fans 
where quite definite speeds are needed and which are not obtainable 
with the 60-cycle current alone. Everything considered, 60, 80, and 
100-cycle currents seem to be the most desirable. This permits a 
start with 60 and 80 cycles as in Table 2 and later adding the 100- 
cycle current. 

Another use of two or three frequencies for is driving feed motors. 
It also makes available a proper cutter-head speed to suit the work 
being done, a practice which is still quite unknown to the wood- 
working industry. One machine-building company already cares 
for this by using a multi-speed motor for driving the frequency 
changer, which indicates that variable cutter-head speeds may even 
now be on the way. It seems logical that different woods and 
different cutter heads should operate at different speeds for best 
results. 


Vou. 45, No. 3 


POWER GENERATION 


x. There are many ways of generating or converting power 
360K of different frequencies, such as: 
2400 


1800 1 Main generator, 60-cycle; others through fre- 
1440 » iY ele TOS 

1200 __ queney change | . 
1024 2 Two or more independent units operating at dif- 
900 


ferent frequen ICS 
3 One large prime mover with two or three generators on the 
same shaft. 
In small plants the first method is undoubtedly to be preferred 


Where only two frequencies are desired two separate units might 


be preferable, especially for larger plants. When three frequencic 


queneesue 


| 








Fig. 3 Turee-Drum Dine M Divi SANDER W 
OveRHUNG Me 
This design illustrates perhaps one o e mm f gt 
application in which the motor is overhun rt atta 1s 
yoke which connect o two drum bearing while t mo dd 
the projecting end of the drum shaft his construction insures perfect a 
at all times, since all parts move as a unit End oscillation of the drum is pr 
for by use of a rotor of slightly greater lenett rhe sal drum speed 
1800 r.p.m_, is low enough to permit use of the overt motor hout 


bearing.) 
are desired it seems best to use at lits and possil 
put two generators on one shaft. 

Another may be in specially built 
multiple windings. These are problems that are worthy of 
thought. Each plant will have its own problems as to how 
the capacity for current of each frequency must be. It wou 
desirable to have the higher frequency units arranged to opé 
Nearly all woodworking machines 


generators 


solution 


at 60 cycles in emergencies. 
be operated with considerable variation in speed if necessary 
case of breakdown or Other considerations wi 
extra switchboards and power lines, but this part of the multiple 


emergency. 


system is not complicated. 

This discussion has thus far dealt but briefly with thes v 
factors in woodworking-machinery design, but it is hoped that it 
may point out the opportunity for standardization among mac)il! 
builders in getting out this new line of electric machines. Among 
the items that may well be standardized may be mentioned t! 
following: 

1 Use of 3-phase 60-cycle 220-volt alternating current 
basic standard for power in woodworking plants 

2 Adoption of either 40- or 50-deg. rating for motors; 40-ceg. 
motors are decidedly to be preferred in woodw 
plants 

3 A definite choice of certain higher frequencies. 
tion of 60, 80 and 100 cycles is suggested 


The adop- 


4 An attempt at standard design for motor mounting, arbor 
bearings, and motor-control apparatus. 

The reason for such standardization is to simplify the amount 
of apparatus with which the woodworking-machine operators must 
be familiar. Simplicity and standardization will be greatly A 

en 


preciated by the users and will contribute greatly to the develop 
of this type of machinery. 
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SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 
Pulverized-Coal-Burning Central Station, Bruay Mines, France 
By JACQUES BOYER 


1)! SCRIPTION of an installation said to be one of the largest will require a greater excess of air than an impalpable coal powder 
| 











milverized-coal-burning plants in Europe and which embodies Likewise, the length of time that the powder has to remain in the 
eral improvements is Col ipared with Lee ral european practice lurnace in order to ae } eve complete comb istion ilso dep ! ds 7 
hig. 1 shows the pulverizing plant with a capacity of 180 tons the size of its grains. Thus slaty coals, which are the hardest to 
oal per day of 16 hr. It comprises two concrete coal bins lo- — pulverize, come out from the machine with a coarser grain and their 
ted under a standard-gage track and intended to receive from locity of ignition is clearly inferior to that of pure il: the 
cars the coal as it comes from the mines Two belt conveyors ignite at a greater distance from the tip of the burner, soften, and 
ha capacity of 25 tons per hour deliver the coal from these bins 
two ele itors whic! lift t te another bin over the grate ol i 
tating drying furnac lhis drying furnace is shown in the orig- 
article by a halftone not suitable for reproduction Aft ' 
ing, the coal passes through a magnetic separator which —r 
es any particles of iron it may contain, and then is carried by tw on 
itors to a screw conveyor (Fig. 2) which distributes it among 
ee hoppers. From these it flows by gravity into three Simor : 
Carves ball crusher The pulverized coal is then lifted by ai “ 
tion and de live red DY a blower into two storage bins. whence: : 
n be fed by gravity as desired on to weighing platforms so as : ; 
red k the amount employed each day by ( ich furnace Fror t In —_ —t “ “A an . ; 
, . . . i ; 
Veizning platform the coal is delivered to the proper turnaces : " » 
ping with an inside diameter of 100 mm. (3.011 i ’ ‘ \ 3 
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] lines Fic. 2 DraGramMatic View OF THE PLANT FOR THE STORAGE AND 
lam hour wag 
Detivery or PuLverRiIzeD COAL TO THE FURNACES 
ne de vécvubéra , recuperator blower ne ded “ éras dust- 
, elimination blower: (ransporleu) a screw conveyor, (remie ad charbon dry 
coal bin: tremie a charbon P ilverized-coal bin: air mprimé compressed air: 
Py régistve damper u fil l lat valve; réservoir d'air comprimé = 
compressed-air reservoir; réser? nduC.P delivery bin of pulverized 
coal: bascule weighing bridge distributor wlivérisarieur = pulver- 
} > izer; fransporteur conveyor = manometer 
I DIAGRAMMATIC VIEW OF THE PULVERIZING PLANT AT THE BRUAY 
(_ENTRAL STATION : : : ; . 
, clinker whenever the grains come in contact with each other, and 
le charbon bru raw-coal bin; trémie de déversemen discharge bin; 


ur du sécheur = drier blower; C.P. vers foyer du sécheur conveyor belt in order to insure their complete combustion it becomes necessary 
agné Six ademas castantaet hcaioe a 7 onaee orn he to provide longer paths for their travel. 
The above considerations explain why it is that as the hammers 
As has been shown by Michel Sohm, chief engineer of the surface of the crushers wear away, the walls of the combustion chamber, 
Plant of the Bruay mines, the condition of the pulverized coal has — the bottom parts of the lower passages, and the orifice of the injector 
re important bearing on its combustion. In order to carry the become covered with slag. The reason is that unless the crusher 
degree of fineness to which the coal is broken up as far as possible hammers are renewed from time to time, the degree of fineness, which 
the crusher is equipped with a horizontal shaft provided with four was fully efficient initially, ceases to be capable of providing for con- 


drier furnace; /ambour 
= dry coal conveyor.) 





‘ets o! articulated handlike members working as hammers. This plete combustion. Moreover, variations in the degree of humidity 
Machine pulverizes coal in sizes 0.10 to 0.15 mm. (0.0039 to 0.0059 have a notable influence on the output of the pulverizing equipment 


. bi th by friction and by percussion. and on the regularity of flow of the pulverized coal either at its 
Pur ermore, the dimensions of the combustion chamber of the exit from the storage bin or through the distributor passages or 
lurnace must be properly proportioned for a given fineness of coal. burners. Hence the necessity of preliminary drying, which makes 
AS a matter of fact it is easy to see that coarsely granulated coal _ it possible to use all kinds of coal. 
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At the Bruay central station (Fig. 3) only dry coal ground to an 
impalpable powder is used. This coal is delivered by distributor 
fans into bins located in front of the furnaces. At the bottoms 
of these bins there are two controllers per boiler which distribute 
the fuel to the furnaces, while a low-pressure blower supplies each 
furnace with the air necessary for combustion. The air is mixed 
with the coal just before they enter the furnace. Various pre- 
cautions have been taken to prevent the penetration of the pulver- 
ized coal into the crusher or engine rooms. It is said that these 
precautions have been of such a nature that the total loss in weight 
of coal from the time it is discharged from the cars to the time it 
is delivered to the furnace is less than 0.6 per cent. The controller 
distributors of the pulverized coal are equipped with a simple reg- 
ulating device involving the use of a flywheel driven by a variable- 
speed motor, and this insures a regular supply of fuel to the furnaces. 

As shown in Fig. 3, each furnace consists of a combustion chamber, 
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DIAGRAMMATIC VieW OF THE BuTrNerR BoIiLeR EQuiPPrED FoR 
BURNING PULVERIZED CoAL 


Fia. 3 


Pp 


(Cyclone = fan; transport de C.P. vers chauferie conveyor delivering pulverized 
coal to furnace; bac & charbon = coal bin; ventilaieur = blower; arrivée du distribut 
= distributor delivery line; chaudiére Butiner de 194m? = Buttner boiler with 194 
sq.m. heating surface; surchauffeur de 50m? = superheater with 50 sq.m. heating 
surface; carneau = flue; foyer a charbon pulvérizé = pulverized-coal furnace; cendrier 
= ashpit; wagonnel a cendres = ash car.) 


separated by an arch from the slag pit, which latter is provided 
with a door that closes automatically. This arrangement facili- 
tates the flow of the powdery or molten slags and also makes it 
possible for them to be raked into the monorail ash car shown in 
the drawing. The boilers with which the plant is equipped are of 
the Buttner make, each with 194 sq.m. (2087 sq.ft.) of heating 
surface, 119 tubes and a superheater of 50 sq.m. (538 sq.ft.) which 
give an evaporation of 3600 kg. (7935 lb.) per hour at a temp- 
erature of 275 to 300 deg. cent. (527 to 572 deg. fahr.). 

The damper arrangement is such that the gases are forced to 
flow parallel to the walls—in other words, to pass over the entire 
width of the set of tubes. With the aid of a lever controlled from 
the front of the boiler the fireman can operate this damper which 
is made as a balanced butterfly valve. He can also communicate 
at any time by electrical means with the pulverizing plant, this 
arrangement being described in detail in the original article. One 
of the safety measures provided is a special device in front of the 
boiler which simultaneously and automatically stops both the pul- 
verized-coal delivery and the fan blast, so as to extinguish the fire 
instantly when necessary under any of the furnaces. The purpose 
of this device is to prevent damage due to excessive pressure. The 
apparatus is electrical and consists of a current interrupter control- 
ling both the pulverized coal delivery and the combustion air fans. 
(La Nature, no. 2543, Dec. 30, 1922, pp. 422-426, 6 figs., dA) 
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Short Abstracts of the Month 





AERONAUTICS 


LOENING FLYING ConrroL. Description of a type of transverse 
airplane control which has recently been tested in flight. This 
control, called a lateral pressure equalizer, is mounted on the ex- 
treme tip of each wing. 

A small section of the leading edge of the wing is extended out 
beyond the tip, to which is hinged a pressure-equalizer flap which 
is controlled through cables and levers by the pilot. It is claimed 
that with the new device the use of the trailing-edge aileron may 
be eliminated entirely. 

Notwithstanding the fact that the pressure equalizer was tested 
under bad winter conditions, the ship was found responsive i 
overcoming wind puffs. (Aviation, vol. 14, no. 1, Jan. 1, 1928 
p. 13, l fig., d) 


AIR MACHINERY 


Determination of Initial Pressure of Centrifugal Ventilator 


Tests OF CENTRIFUGAL VENTILATORS WITH SPECIAL REFEREN‘ 
To Inrr1AL Water Gace, Henry C. Harris. It is claimed that ver 
little progress has been made toward the discovery of the most su 
able means of determining the initial water gage produced by t 
running of a ventilator. As a basis for calculation and experime: 
the author took the practical example of a fan of large capa: 
installed to ventilate a mine of small capacity, namely, a Cay 
fan of the double-drum type 20 ft. in diameter and 6 ft. wide,» 
a single inlet 11 ft. in diameter and running at 90 r.p.m. The 
of the shaft was 70 sq. ft., the area of the fan drift 72 sq. ft., and 
area of fan inlet 95 sq. ft. Another series of tests were carried 
on a Sirocco fan. 


These tests, the results of which are given in the original 
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Revolutions per Minute 
Fie. 1 


(Full lines for graph of manometric efficiency derived by conventional 
broken lines for those derived by the author's method 


Grapus or Resutts or Capeti. Fan Test 


in the form of tables and curves, of which Fig. 1, for the Cay 


test, is reproduced, have led the writer to ask himself the following 
questions: (a) Why is the manometric efficiency of the vent) ator 
so variable and so low? (b) Why does the fan give maximum: re 
sults at 75 r.p.m. instead of at 90 revolutions as intended, et: 

In trying to answer these questions the author found tit 4 
more consistent method than the conventional one of determ ning 
the initial water gage is necessary before any results of test= cat 


be considered reliable, this being due to the fact that in most cases 
the velocity of the air on leaving the fan chamber which is used i0 
determining the initial water gage, is not identical with the -peed 
of the tips of the fan blades. The author therefore sugg:sts 4 
different method for determining the water gage, and by mews 0 
this method he derives the graph shown in Fig. 1 which appexrs 
give results of a more uniform order. It is also claimed t/t 0D 
the basis of the manometric efficiency derived by this method the 
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maximum results at 70 revolutions instead of at 90 revolutions are 
consistent for a fan of large capacity ventilating a mine of small 
capacity. (Paper read December 9, 1922 before the Mining Insti- 
tute of Seotland, abstracted through The Iron and Coal Trades 
Review, vol. 105, no. 2859, Dee. 15, 1922, pp. 884-885, 2 figs., ep) 


ENGINEERING MATERIALS 
RESEARCH WorK ON ALUMINUM, IRON, 
ngrg. Hanszel 


nparatively high tin content, name ly, 6 per cent, and, in addition, 


AND Exvecrron. Dr. of 
Before the war aluminum alloys usually had a 


per cent of copper. Since these metals were scarce during the 


ir, It became necessary to substitute other materials for them, 
ne at first being preferred. It was, however, desired that the 
bstitution of the alloying elements should not interfere with the 
ichinability of the alloy and its compressibility. An alloy was 
erefore produced having an even higher tensile value than the 
evious standard alloys. It contained 7 per cent zine, 0.8 per 
Other similar 
ys contained 10 per cent zine and 0.7 to 1 per cent magnesium. 


t magnesium, and the remainder aluminum. 


These alloys when tested gave rupture strengths as high as 27,000 


29,000 Ib. per sq. in. For one of them (10 per cent zine and 1 


The 


It was found, however, that 


cent magnesium) it is stated that the elongation was zero. 
hinability of the alloys was poor. 
iddition of 1 to 1 

Pressed aluminum rods gave 


igh its 


per cent of tin made them freely machin- 
a metal of higher strength, 


machinability appears to have been poor. 


The original among other things, curves showing 


ZIVeS, 
as affecting the 
First of 


led 


oe « 
». 20-26 


influence of adding manganese to aluminum 


ngth, elongation 


and hardness of pressed round bars. 
es in Canadian Foundryman, vol. 14, no. 1, Jan., 1923, p 
Duralumin 


DuRALUMIN, Seibei Konno. 
Tohoku Imperial 


following conclusions have 


INVESTIGATION O1 Data of an 
University, 
been reached: 

In quenched duralumin, the softer the quenching the more 


tigation carnmed out it the 


™ } 


Japan The 
and its aging affect, 
In a quenching in oil at 100 


On the 
immediate 


mediate effect of hardening increases, 
as its final hardness, decreases. 
aging effect vanishes. 
the more the 


1 th 


it higher temperatures the 
hand, the | 


the quenching 


arder | 


1ecrTease and the aging effect anc e final hardness increase, 


iximum values being obtained by quenching the alloy from 
An g. in water 
< The above effect of que nching is due to the dissolution of Cu 
lg com pe unds in Al, the process of dissolution or s paration 
ery slow. Thus duralumin is in a somewhat hardened state, 
it is cooled very slowly from 500 deg.; perfect annealing is 
tained by heating the alloy at 350 deg. for one hour or more. 
he quenching effects on the specific electric resistance of 
min are very great and exactly similar to those on the hard- 
Hence the specific resistance measurement is the most suit- 
ethod for the investigation of the hardening of duralumin. 
t The alloys of Al-Cu show by quenching an immediate effect 
ening, but the effect of aging only very slightly. Hence, 
nediate effect is partly due to the dissolution of Al-Cu in 
im, but the principal cause of the aging effect of duralumin 
iitributable to that compound. 
) the alloys of Al-Mg which contain about one per cent of 
um, the immediate effect of quenching is always very 
ut the aging effect is as great as that of duralumin. 
e aging effect, as well as the immediate effect of quenching 
le above alloys, is attributable to the dissolution of Mg.Si in Al. 
ut not of metallic magnesium; because, if magnesium increases 
| per cent, the above two effects begin to diminish, and with 
a1 increase of above 3 per cent of magnesium, almost vanish; but 
‘i addition of both magnesium and silicon in the proportion of the 
*mpound Mg.Si increases the same effects. A small quantity of 
‘con is always present in aluminum as an impurity. 

‘ The further addition of about 4 per cent of copper and a 
‘tall quantity of manganese (up to about 0.5 per cent) to the alloys 
 Al-Mg increases the hardness, but not the aging effect. This 
‘loy, usually called duralumin, has thus nearly the same aging 
elect as the alloys of Al-Mg. 


bevon 
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8 From the specific resistance-temperature curves for quenched 
duralumin, we conclude that a quenched alloy is 
at 210 deg. and 280 deg., 
step in the curves is due to the partial separation of AleCu 
to that of Mg.Si 
% The quenched duralumin expands at 


tempered at two 


steps, beginning respectively The first 
ind the 
second 
room temperature as 
the aging proceeds, as in quenched low-carbon steels 


10 The above effect of quenching and the accompanying chang 


in the physical properties of duralumin are exactly similar to those 
in severe ly quen hed carbon ster ls. He nee we can easily exp! ill 
the hardening of duralumin by Prof. K. Honda’s theory of the hard 
ening of steels. 

The paper is accompanied by numerous curves and photomicro- 
graphs Science Reports of the Tohoku Imperial Unive ty, First 


Series, vol ll, no $, Sept , 1922, pp 2H0-204 6 figs Q plates. « ] 
FUELS AND FIRING (See Motor-Car Engineering 
HYDRAULIC MACHINERY 


Chain-Type Water Elevators 


Tests oF CARUELLE Water ELEVATORS 
also called “Chaine-Helice,” have 
yineering, vol. 98, 1914, p. 40, and are 
from open wells to the ground level 


Tests 


These water els 
been described in / 


used mainly ior raising 


vators, 


( 


The device consists of belts made up of strips of shéet alumir 
alloy bent so as to form a series of triangular cells, the cells being 
riveted to a flexible supporting element, which, in the case of th 
smaller sizes, is a band of aluminum bronze. In the larger siz 
balata belting is used to support the aluminum cells, a number 
which are placed side by side 
are used with these 


Large driving and jockey pull 


belts in order to reduce the he nding toan 


imum and grooves are turned in both pulleys to clear the rivet 
heads so that the latter are not worn away. A feature of tl 
device which is particularly useful in the case of hand-driven 
stallations is that they remain filled with water when stationar 
and if a ratchet is provided to prevent the belt from running ba 
due to the weight of the entrained water. di ery will comm«e é 
as soon as the belt is set in motion. This is important with d 
wells pumped intermittently at frequent intervals 

The tests were carried out by Sir Alfred Chatterton of the Indi 
Pubhe Works Department and Arthur 8. Collins, City Enginee: 


of Norwich. In these tests two belts were used, the lifting elements 
of one measuring 7/s in. wide and in. deep id Se the 
second 1°/,, in. wide and 1 in. deep. The aluminum-bronze band 
to which the elements were riveted were 1 in. and 1 1. wide 
respectively, and in both cases the pitch of the triangular cells 
was '/gin. The drive was by means of a leather belt from an ele 
tric motor, so arranged that the torque exerted could be sured 
The lift in all cases was 152 ft. 6 in. 

The results are given in diagrams in the original articl Wit 


the smaller belt 
tained with a line il speed of 


a maximum net efhciency of 95 per cent was ol 
ibout 7 ft. per sec., but the efficiency 
fell off rather r ipidly as the speed increased In the case of the 
larger belt the maximum efficiency reached was practically the sam« 

but was maintained over a wider range of speeds, only falling to 
8S per cent at 13.4 ft. per sec. The maximum overall efficiency 
with the larger band was much higher than that obtained with 
the smaller band, the former reaching over 74 per cent and the latter 
about 58 per cent. Owing to the short distance between the centers 
of the driving and driven pulleys, rendered unavoidable by the 
existence of buildings close to the wall, a very tight belt had to be 
employed. This absorbed an undue amount of power and mate- 
rially reduced the overall efficiency in both cases. 

The tests have also shown that the larger belt gives a much 
wider range of deliveries with good efficiency, the maximum effi- 
ciency being reached at about 950 gal. per hr. 

Another series of tests was made by the same authorities with 
the water-elevating belt made up of four sets of cells of the larger 
size of the two above described, riveted on to a balata belt. Here 
it was found that to obtain the highest efficiency with water ele- 
vators of this type, it is important that the immersion of the jockey 
pulley should be only sufficient to allow the belt to fill completely, 
a condition which would not always be complied with in practice. 
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It is claimed, however, that the advantages of simplicity, reliability, 
and general good efficiency are more than sufficient to compensate 
for this drawback. (Engineering, vol. 114, no. 2973, Dec. 22, 
1922, pp. 770-771, 5 figs., e) 


INTERNAL-COMBUSTION ENGINEERING (See also 
Motor-Car Engineering) 


Ripert Motor with Steam Chamber in Head 


THe Ripert Moror, M. Grison. It is claimed that the following 
conditions, if satisfied, would improve the Diesel engine when op- 
erating on heavy oils and, in particular, would make it more flexible. 

First, introduction of the oil into pure air not only at the dead 
center but ahead of it, namely, toward the end of the compression, 
in order to obtain a vaporization and diffusion of the oil through 
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(Inje n du combustible = fuel injection; sortie d'eau de n pbpe = exit of water 


from jacket; air frais = fresh air; eau fresh water 


fratche 


the air during the heating of the latter. The fuel being introduced 
during compression, the atomizer meets with only a relatively low 
pressure in the cylinder. It therefore works more efficiently. 
The fuel injection takes place without air injection, which eliminates 
the unfavorable refrigerating action of the latter. This of course 
makes the high-pressure compressor together with its appurtenances 
unnecessary. 

The second condition is that the compression should continue 
up to the dead center, and hence a temperature should be attained 
close to that necessary for spontaneous ignition. As the fuel has 
already been distributed through the entire mass of the air and 
heated with it at the same time, the ignition can take place at the 
dead center throughout the whole charge simultaneously and have 
all the characteristics of an explosion. 

During combustion a certain amount of water vapor should be 
introduced into the cylinder both because of its influence on the 
gas and on account of the well-known catalytic effect which assists 
the combustion of the heavier particles of tar oils. The steam 
helps to prevent the formation of coke deposits and improves the 
lubrication of the cylinder and hence the mechanical efficiency. 
With accelerated combustion and assured cooling it would not be 
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necessary any longer to induct into the cylinder as great an excess 
of air as in the Diesel engine (thirty times the weight of the oil), 
which would increase the volumetric efficiency. Finally, the 
possible increase in the revolutions would tend to reduce the weight 
and first cost of the machine. 

It is said that the Ripert motor (Fig. 2) was designed with the 
view of realizing as completely as possible the foregoing theo 
retical considerations. The drawing shows a_ two-stroke-cycle 
motor. The construction differs from that of the Diesel engin 
solely in the cylinder-head arrangement, which, in the Ripert 
motor, forms a kind of boiler. It is supplied with water in such 
manner as to maintain automatically its internal temperature at 
about 250 deg. cent. (482 deg. fahr.) and the steam pressure at 
30 kg. (428 lb. per sq. in.) approximately, although in both cass 
higher values may be employed. 

Water feeding is effected by means of a small pump whose out 
put is automatically controlled by a thermostat. This pump 
independent of the speed of the motor. The water may be tak 
from the eylinder jacket and preheated by exhaust gases bef 
being fed into the evlinder head, where it is superhe ated to t 
extent. This plan is used, however, only with lar 
motors. There is no trouble in maintaining a certain level of wat 
in the cylinder head. The boiler in the head communicates w 
the combustion chamber in the evlinder by means of a valve 

The Ripert motor may operate with or without steam admiss 
If it is operated without steam admission when the piston is at 
lower dead center, air is supplied to the cylinder either by cra: 
case compression or by a special pump. About the middle 
compression stroke or somewhat later heavy oil is introduced 
solid injection. The temperature is then sufficient to vape 
the atomized oil and prevent its precipitation. 
proceeds to complete its upward stroke. At 
compression is regulated in such a manner as to develop the | 


necessary 


The piston 


the same time 


est possible temperature, which would not, however! reach 
of auto-ignition. 
A few degrees before the dead center is reached, the valve « 


municating with the cylinder head is opened and the clear 
space placed in communication with the head into which compre 
air has been forced before starting the motor This is done 


once in the course of operating an engine. The compresse 
at a pressure of about 30 kg. (428 lb. per sq. in 
its excessive pressure into the clearance space and suddenly 

the mixture back toward one of the sides of the deflector of 


piston, producing a strong mixing effect, this being assisted 


penetrat 


by the shape of the top of the piston and the compression cha 
Ignition then takes place spontaneously on account of ex 
pressure. The explosion forces back into the head the an 

came out of it along with some of the gaseous products of! : 
bustion. When at the beginning of the expansion stroke th s 
sure in the head has become equal to what it was at the beginning 
of the cycle the communicating valve is closed, the expan 
the cylinder itself continuing. With this arrangement it it 
necessary to renew the compressed-air charge in the cylinder |iead 
as it renews itself automatically, though after some time t r 
is replaced by gases of combustion. 

It is important to note that this cycle is not really the « 
which the Ripert motor works, although it is not impossibl 
true cycle of the Ripert motor is one in which steam is introduced 
into the cylinder. This steam, at a pressure of 30 kg. (42s |). pe 
sq. In.) or more, is contained in the cylinder head and sucenl) 
forces back the cylinder mixture. 

The position of the valve with respect to the deflector at tlic to 
of the piston is such that during the mixing period a relative strat 
ification of the two fluids, steam and gas, is maintained. t th 
end of the period of steam injection one part of the chamber 
still filled with steam, while in the other the gases (air and oil vapo! 
are collected. 

The ignition occurs throughout the entire mixture at 
the predetermined moment, either spontaneously as a r 
excessive compression, or in the case of semi-Diesel eng! 
sudden forcing of the mixture into a preheated chamber 
trical ignition tube. The combustion takes place througliout ™¢ 
entire charge in the form of an explosion. During this exp!osi0! 
while the pressure in the cylinder becomes greater than the p! 


elec- 
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of the steam introduced into it, the steam flows back into the cyl- 
inder-head chamber through the valve as long as it remains open. 
iventually a certain amount of gas penetrates into the cylinder 
head chamber in accordance with the point to which it is desired 
In multi-eylinder 
engines the cylinder heads communicate and form a single boiler 


to limit the maximum pressure of the explosion 


vhich insures the uniformity of pressures resulting from the ex- 
plosions in each cylinder, notwithstanding the unavoidable varia- 
tions in fuel feeding 

(As soon as the downward movement of the piston reduces the 
evlinder-head chamber flow 


nternal pressure the gases from the 


ck into the cylinder, passing through the valve which is still 
open in the opposite direction and along with these gases a certain 
When the 
The expansion and 
exhaust portions of the cycle do not differ from those in conventional 


mount of steam enters the cylinder and stays there. 

pressure falls sufficiently low the valve closes 

engines. The theoretical calculation of the original cycle is given 

the original article. 

No data of tests are 
999 


Some diagrams are given con- 
stated how they are ob- 


Veritas, vol. 4, no. 10 


adduced 
taining “practical” figures, but it is not 
ta ned. (Bullet i Te } nique du B ‘reau 


Oct., 1922, pp. 245 247, 2 figs., gf 
High-Compression Gasoline Engines 


INTERNAL-COMBUSTION-ENGINE 
rESSION, J. H. Holloway, H. A 
\ Am.Soc.M.1 This paper Is 


HARACTERISTICS UNpER H1Gu 
Huebotter and G. A. Young. 


i report of a series of 


( ii 


ests con- 


ted during the summer of 1922 by the authors at the Engineering 

Experiment Station of Purdue Universit, The work consisted 

rch into the operation of internal-combustion engines under 

iratively high compression on ordinary gasoline without 
ito! Che compression ratio of the engine was 6.75 and t 

( ol r e 122 it per x rage | L fy 
ed through a hot-sp iporizel na 1 oug 
hetween tl carburetor na es AY er té 

res between 150 and 170 deg vere carried hie tie 

the okel 
istible charge is presented briefly Phe source of the two 
of detonation encountered in this work is believed to be 


combustior chamber. The methods of 
1 


1 in detail, and the special equip- 
ipplied to the engine to accomplish the desired result is de- 
and mixture 


|. The effects of load, speed, compression ratio 
re studied, and curves showing the variation in the 


engine 


teristics due to each lactor are sul mitted. All tests were 
rul ithout a trace of detonation 
From these tests, which are represented as covering only a narrow 


nge in the field of gasoline-engine operation, the following con- 
s are drawn 
1 Under laboratory conditions a compression pressure of 120 Ib. 


per sq). In. gi 


ge is perfectly feasible when the engine is designed with 
lull regard for the elimination of the factors that induce detonation. 
“ nder service conditions the same attention to these factors 
rmit the use of much higher pressures than those common 
ent 

increase in the compression ratio results in a marked im- 
nt in the thermal efficiency and the general performance 
ngine at all loads and in the maximum power at all speeds. 
t e sources of detonation are the spark plug, the exhaust 
ive, the piston head, and any other portions of the combustion- 

walls that 

> The maximum economy is obtained with the leanest fuel-air 
iXture giving reliable combustion. Such a mixture varies from 
YN) of fuel per lb. of dry air at 25 per cent load, to 0.057 |b. 
75 per cent load; or, from 16.6 to 17.5 Ib of dry air per lb. of fuel. 
or this range of load the leanest possible mixture is desirable, 
vided good vaporization is secured. At a full throttle opening 
‘te Maximum power is usually sought at the expanse of economy. 
\n 0.075 mixture, or 13.3 Ib. of air per Ib. of fuel, is rich enough to 
ae the greatest output. 

° The water-jacket heat loss reaches its maximum value at 
*Pproximately the mixture giving the highest power with a fixed 
‘tottle opening, or a 0.075 ratio. 


become overheated. 
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7 Iexhaust te nperature is highest with 0.065 ratio 


8 The power of an engine can be increased 25 per cent ‘ 
change in the compression ratio from 4.45 to 6.75, provided detoy i- 
tion is absent. 

9 With the same change in the compression ratio the ther il 
efficiency is raised 7 to 12 per cent through a load ( 25 to100 
per cent of the engine power 

10 At full load a mixture temperature ol 125 deg Pani it tie 
hot spot is high enough to give good distribution in a four-cylinder 
engine with a properly designed hot spot. If the mixture is cooled 
below this temperature between the hot spot and the ilve 


A low limit of 100 deg 


performance of the engine is improved. 


fahr. at the valves ean be allowed > ifely. 
1] \t partial throttle opening, a hot-spot temperature of 175 
deg. fahr. is not excessive and assists in the use of very leat 


tures for high Journal of the Society of Automotive 


Engineers, vol. 12, no. 1, Jan., 1923, pp. 111-117, 11 figs 


economy 


HAMMER-SPRAY INJECTION System. Details of a device for 


and light fuel oils suel 


Development ot tl 


engines to use kerose ne 


nabling gasoline 
36 deg. B. 


as oil of a out 34 and 
patents 
The system consists ol 


a spray of fuel injected into the coml 


tion chamber of each cylinder of the engine by a pump bv mea 


f a sudden blow of a | -on the pl | : 
ot a sudden biow of a hammer on the plunger of the pumy the 
fuel is injected into the cylinder through a spray n | 
flexible tubing is led from a pump; t plunger of this p 
tuated at the proper moment for injection o fuel | ’ I 
’ t } rng } | ’ ’ | t | ' 

Op ed i spring le mode! ePTISl¢ and } 

ounted on a shaft driven by mea ( t. chait r 

\ e plunger of the pu d 

thy \ he mer the ect al into ] li ith ig 
+} ’ ’ } } | ] ; fiy ] 

( nast a ( | d ected ( ‘ ized 
SDI iv e sent et 1 ilVé ind the rive il 
t! f ead against the te ion « tire pr cg () | ) vy 

| ndet 


Mem. A.S.M.E., Mason Laboratory of Sheffield Scient 
School, Yale Univers ind two installations have been in service 
on boats at New Haven for many months. Of the tests made, one 
Was in connection with a single-cylinder four-cycle stati 
engine of 4°/s in. bore and 5 in. stroke, which operated on 36-deg 
B. oil and with 25 lb. eylinder compression, starting cold with 


ond 
This engine also operated on 


installed 


relieved compression on the se¢ turn of the flywhee ifter 


standing idle for over six months 


alcohol and kerosene with this device A single-cevlinder 
and stroke was tested by 


bv 4 tt 


similar bore 
Professor Lockwood, and Is now driving a 23-ft 


Ve rted catboat about 5 


two-cycle marine engine of 
O-1n. con- 
m.p.h. This engine starts cold directly 
on kerosene or fuel oil on 35 lb. compression, and the consumption 
is moderate, one gallon sufficing for two hours and twenty minutes’ 
Votorship, 2, Feb., 1923, p. 118, 3 figs., d) 


running. vol. 8. no 


MACHINE PARTS AND DESIGN 


Bett Transmission, D. Genkin. 
ematical analysis of belt transmission 


(An extensive, largely math 

As a rule, in computing the 
efficiency of belt transmissions only losses on pulley s are considered. 
In the present instance the author, after reviewing the known 
formulas, endeavors to determine the magnitude of all the other 
losses. Among other things, he calls attention to the undesirability 
of using belts in power transmission from an electric motor 

The conclusions at which he arrives are that no matter how care- 
fully belt transmission may be designed and worked out, the power 
losses inherent in this type of transmission can rarely be brought 
below the five per cent level. As regards less carefully designed 
belt transmissions, the losses involved therein may not only be in 
excess of all reasonable limits but may cause a rapid wear of the 
bearings and frequent stoppages of work due to the wear on the 
belt itself. 

The article itself, after a brief introduction, proceeds to a math- 
ematical study of the operation of a belt transmission, which, among 
other things, investigates the relation between the initial tensions 
on the tight and loose sides of the belt, the variation of tension 
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along the portion of the belt in contact with the rim of the pulley, 
the effect of elongation of the belt in running, and the calculation 
of the suction of the belt. 

The selection of the best tension in the belt is discussed, after 
which an extensive abstract is quoted from Taylor’s work on Shop 
Management. 


The losses due to periodic elongation and contraction of the belt 


are mathematically discussed, likewise the losses due to the re- 
sistance of the belt bending around the pulley. Revue Générale de 
L’ Electricite, vol. 12, no. 25, Dee. 23, 1922, pp. 975-988, 5 figs., 


mi 1) 


MACHINE TOOLS 


Putt or Pusn Curtine Srroxes, F. H. B. 
in the use of certain types of machine tools is whether the cut shall 
be taken on the pulling or the pushing stroke. This consideration 
applies to such machines as possess holders or rams carrying the 
tool out from the end. In such a category come shapers, broaching, 
keyway-cutting and filing machines, hacksaws and some of the 
The primal difference in cutting on the pull or the 
push stroke is that of change from tension to compression, a change 
which may affect all the elements: the tool, the ram, its slides and 
the means of propulsion. In discussing the advantages or dis- 
advantages of either method the author cites the ordinary pillar 
shaper where the presumed advantage of the pulling stroke, namely, 
consolidating the slides of the table and saddle by the cutting pres- 
sure, is discounted by the fact that substantial table supports are 
now employed in most of the ordinary shapers to withstand the 
downward and outward thrusts. 

The author discusses in detail keyseating machines, broaches, 
hacksaws and gear shapers. In keyseaters a draw cut may be use- 
fully employed if long hubs require it for keyways cut in their bores. 

In ease of gear shapers both the push stroke and the draw stroke 
may be used, the latter being employed in the Fellows shaper which 
possesses a vertical ram. There are, however, shapes that cannot 
be cut on the pulling stroke, for example, gear clusters, where 
owing to the contiguity of another tooth ring, the cutter cannot 
start up from below. However, the design of the spindle end of 
the Fellows machine permits of fixing on the cutters for either the 
push or the pull stroke without trouble. (Mechanical World, vol. 


-. 9 
‘ 


3, no. 1879, Jan. 5, 1923, pp. 2-3, 3 figs., p) 


One of the problems 


gear shapers. 


MARINE ENGINEERING (See Special Processes 


MEASUREMENTS 


PASSING OF THE QuarTER. On January 1, 1923, by an amend- 
ment to the Corn Sales Act the hundredweight has become the sole 
legal standard for sales of dry products in Great Britain and Ulster, 
thus eliminating the quarter as the legal measure. 

The bushel or small box was the ancient unit of Saxon dry meas- 
ure. The quarter was eight bushels and the system was to buy by 
measure, quality being roughly appraised by weight. For more 
than a century, however, there has been a tendency on the part of 
buyers to insist on sales by uniform weight, in addition to which the 
measure “quarter”? was uniform throughout the country. (The 
Times Trade and Engineering Supplement, vol. 11, no. 237, Jan. 20, 
1923, p. 429, g) 


METALLURGY (See Engineering Materials) 


MOTOR-CAR ENGINEERING 


AtcoHoy As Furi. One of the main difficulties in the use of 
alcohol in engines is that of starting. This has, however, been 
solved by the so-called bi-fuel scheme in which starting is done 
on gasoline and running on alcohol. 

In this connection, the original article describes the gasoline- 
alcohol Claudel-Hobson carburetor and the so-called Hobson non- 
pinker, a device to prevent “pinking”’ (detonation knock) in high- 
compression engines, of importance because with alcohol the higher 
compression is needed than with gasoline. 

The device consists of a diaphragm-control needle valve in a 
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\ OL, $5, No. 


small auxiliary carburetor so connected to the main carburetor 
that at periods when the depression in the main carburetor is low 
the device comes into operation and allows alcohol to feed to the 
cylinders. The depression is low when the throttle is open an 
high when it is closed. Therefore the aleohol is fed to the eylinde 
The Autocar, vo 
1311, 2 figs., dg 


and cut off again exactly at the required moment. 
19, no. 1419, Dee. 29, 1922, pp. 1310 

A Six-Wheel Motor Omnibus 
Six-WHEEL Moron Paris. 
type of motor omnibus being placed in operation in Paris. ©: 
of the obstacles in the 


OMNIBUS IN Description of a 1 
way of more efficient utilization of mot 
omnibuses is their limited seating capacity. Thus, while th 

dinary trolley car can carry up to 100 passengers and more in ru 
hours, a motor omnibus in Paris has only 38 seats. To iner 
the seating capacity, seats would have to be provided on top 
arrangement which has not proved popular in Paris although ext 
tensively used elsewhere, as, for example, in England. 
to meet 


One w 


this situation was to increase the overall wheelbase 








Fic. 3 Six-WHeEE! 


Movror OMNIBUS IN Parts 
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Moror Bus 


providing an intermediary axle, which meant a six-wheel art 
ment and raising the seating capacity to 48 seats. 
are already under construction. 

The new bus has a total length of 10.43 m. (34-4 ft. 
2 (7.25 ft.). The axles are spaced unequally, th 
axle being 4.35 m. (14.4 ft.) and the rear axle 2.15 m. 
from the middle axle, the total wheel base being therefore 6 
(21.30 ft.). The steering is on the front and rear axles only. All 


Fifty such | 


and aN 
of 2.25 m. 


6. 


the wheels have the same diameter 0.95 m. (37.4 in.). Th nt 
and rear set are equipped with single solid tires, the middle w!iels 
with double tires of the same section. 

The chassis is equipped with a special device for maintaining 
constant the distribution of load on the wheels. In a vehick 
carried on two axles this distribution does not change materials 
notwithstanding variations in level of the road, but this woul: not 
be the case in a vehicle carried on six wheels, unless special ins 
were taken to accomplish it (in this case a balancing gear Ing 
the extreme tips of the rear and middle springs). This b: er 
A (Fig. 4) oscillates about a shaft carried in a support rigid Id 
on the chassis. This being so, the system of forces acting the 
chassis is of a statically determinate nature and the reactions on 
the wheels are independent of the relative position of the |atter 
The loads on the steerable wheels may be equalized by suitably 


locating the middle axle, which is also very useful from the point of 
view of stabilization of direction. Another advantage of a balanced 
suspension is that it decreases the vertical movements of the cat 
riage, which reduces the jarring and the wear both on the omnibus 
and the road. 

The vehicle is provided with a mechanism brake, a whee! brake 
and an auxiliary braking device acting on the middle wheels and 
operable from the rear platform. 


» 
” 
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The omnibus (Fig. 3) has an interesting steering system which 
innot be described here on account of lack of space. 


It is pointed 
ut in this article, however, 


that a six-wheel car has less tenden: \ 
» skidding than one running on four wheels. (Le Génie Civil, vol 
S1, no. 27, Dee. 30, 1922, pp. 605-607, 11 figs., d 


Aster Engine Valve Gear 


THe “EIGHTEEN Srx” 


Aster. Description of the Aster auto- 
bile, built by a British company which for 22 years has man- 
ictured engines for automobiles. 

One of the interesting features of this engine is its valve-operating 

ur (Fig. 5). The valves are directly overhead and in line. They 
operated by rocker levers, the ends of which are pushed up by 
push rods from the tappet gear above the camshaft. The latter 
ilent-chain driven and 
wated in the crankcase. 
this 
rare the absence of work- 
bearings in the rockers 
| the provision of silent 
cushioning to the 


two features of 


tap- 
and push-rod gears 
The rockers instead of 
pivotally mounted 
trunnion bearings as is 


t conventional practice, 
rigidly bolted to up- 
ding steel spring pillars 

h curve to allow the 
outer ends of the levers to ap \ 





depress the valves The , 

“i ided Fic. 5 Vatve-Oreratinc GEAR OF 
pu 1 rods are provided with sme haven Wecew 
ground spherical seatings, 


fully constructed so that there will always be 


between the opposed surfaces. 


a film of oil 
said to insure silence 
the accuracy of the fit here is important, and 
pherical surfaces are very carefully machined and ground 
in order that an oil film shall always be present between them. 


This is 
I measure ol 


fan is provided with a telescopic adjustment for height in 
or to allow of the adjustment of the belt. The adjustment is 
y asmall hand lever and can be made without the use of tools 
of the minor features is that the water outlet pipe from the 
cylinder head to the top of the radiator is stayed by a couple of 


§ rods at the side, which have the effect of staying the radiator 
to the engine. Another point about the engine design is the use 
of iall air pump driven by a cam on the camshaft and providing 
ait ssure for the rear-tank fuel supply to the carburetor. This 
pu is fitted with a release valve which is in an accessible position, 
AS ¢ adjustable from the outside, and may be readily dismantled 
should occasion arise for any adjustment or examination. 

7 transmission of the power from the gear is carried out by 
me of an enclosed propeller shaft which runs in a long tapered 
torg tube forming the forward extension of the live axle The 
function of this tube is to take the torque and the propulsion loads. 
The Auto-Motor Journal, vol. 28, no. 2/1149, Jan. 11, 1923, pp. 
7 


4i-50, 1] figs., d) 


POWER-PLANT ENGINEERING (See also Special 
Processes) 

Tur Desten or SrructTuRAL Supports FoR TURBO-GENERATORS, 
Edward H. Cameron. Discussion of the relative merits of the 
three common types of pedestals for turbo-generators, namely, 
reinforced concrete, structural steel, and composite. The author 
believes that the tendency of the steel pedestal to vibrate with the 
machine constitutes its one disadvantage when compared with the 
concrete pedestal, and the design of a steel pedestal so proportioned 
4&8 to avoid this vibration is a difficult problem. 

The pedestal must have mass enough to absorb all vibrations 
and be rigid enough to prevent swaying. The most practical 
means of arriving at the requisite mass for a turbo-generator ped- 
éstal is by a study of existing designs in satisfactory operation 
both as to total mass and its distribution. To facilitate this the 
author gives weight-ratio curves and cost curves. 
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ISO 


The original article gives a series of practi il suggestiol is Lo 
the best method of proceeding in designing pedestals tor turbo- 


generators, the general advice being that 
than relative cost should be 


utility or fitness rather 


mace the sole basis ol comparison 


deciding on the typ of pedest il to adopt for a turbo-generator 


installation. \s regards costs it is stated that for ordinary designs 


the cost of the pedestal should not exceed about 5 per cent that of 
the turbo-generator, and that in general any saving of one particul 
type of pe destal over another should not be more than about 1 per 
cent of the cost of the unit which it supports. Each ty 
has its field. For the smaller units it is believed that more concrete 
pedestals are in use, 


pe ol pedest il 


whe reas thy reverse 1s probably true ol t he 
larger units. The 


composit type, combining the advantages ol 


both concrete and structural steel 


is coming to be more and mor 
favored for all 


Monthly 
Enai ee 


sizes of turbo-generator units. (Paper before the 
Meeting. Dec. 20. 1922. of the American Society of Civil 


, abstracted from advance publication, 16, pp., 6 fi 


ig }/ 
Increase of Economy by Changes in Boiler Design 


PRINCIPLES OF BorLerR DesiGn, C. E 


of Some features of boil r design 


Stromeyer. Discussion 
with particular reference to at- 
tempts to increase economy 

In view of the injury done to boiler parts and to brickwork 


the furnace temperature is high, as it must be with perfect com 


if 
bustion, the author suggested some years ago the resort to double 
The fuel in the furnace would be burned not to ¢ 
dioxide but to monoxide 


combustion rpon 


The resultant temperature could then 
not exceed about 2500 deg. fahr. and the temperature curve in the 
boiler would run in a manner entirely different from that of today 
This arrangement would present difficulties when using customary 
types of boilers and the present types are merely to be modified 
There would be difficulties from the increase of furnace temperature 
and, in particular, from enormous heat radiations, which brings 
up the question as to whether heating surfaces can be screened from 
the radiation of the incandescent fuel. 

Assuming that the radiant heat of the furnace has been disposed 
of one way or another, we are face to face with the question of 
convection. Let there be two fluids of different densities on both 
sides of a plate—heating surface—then, neglecting the very slight 
resistance offered by the plate to the passage through it of a certain 
quantity of heat H per hour, it appears that 

H = C (T; T)) DO 0.02 V;) = ¢(T) — T.) De (1 + 0.02V; 
Here C is a constant which is, however, not quite the same for all 
gases and fluids. T stands for the various temperatures, T, being 
that of the plate, D stands for densities and V for velocities in 
feet per second. The two right-hand expressions determine the 
ratio of the subdivision of the 
T, — Ts. The ratio is (T iy ly — T (D./D,) A 4 
0.02 V2)/(1 + 0.02 V,). Let the one fluid be water, whose density 
is about 800 times as great as that of 


avail ible temper iture difference 


air, then for small values of 
V the ratio of the excess temperature of the air over the plate, 
T; T», would have to be about S00 times the excess temperature 
of the plate over that of the water 7, T 
only increase this disproportion, but this would be diminished, 
and the heat transmission per square foot of heating surface in- 
creased, if the air velocity V; were increased. 


To increase V2 would 


Our efforts should 
therefore be centered on increasing the velocities of gases and steam 
and not on increasing the water velocity, except, of course, for 
circulating purposes and for liberating the steam as it is generated. 

It could easily be shown that a minimum heating surface will 
be obtained if the temperature ratio (7, — T»)/(7> — 7;) is near 
unity. This is of importance as regards superheaters. 

The problem of creation of the draft velocities is discussed and 
the author shows that the cost of a draft produced without a chim- 
ney and with gases cooled down to the surrounding temperature 
with the fan will be very much lower than when produced by natural 
draft in terms of coal used. Nevertheless, fans do not replace 
chimneys, because with present-day boilers the temperature of 
the waste gases cannot be reduced much below 400 deg. fahr., and 
because chimneys are necessary anyway to carry the gases above 
the housetops. 

From this the author proceeds to a discussion of the employment 
of air heaters as a possible means of waste-gas cooling and shows 
the many difficulties involved in their design. 
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He considers the superheater a necessary adjunct of modern 
engines and makes an estimate of the relative velocities, using 
however, relative densities instead of temperatures in the calcula- 
tions. The steam velocities, he says, should be less than those of 
the gases, but both should be high. The loss of power in the 
main engine, due to drop of steam pressure in the superheater, 
should be estimated, also the increased friction in the steam pipe 
due to increased volume, or increased radiation, due to the adop- 
tion of slightly larger diameters. The simplest way out of this 
complication would probably be to start with the pressure required 
at the engine, and to make the boiler strong enough to bear the 
few additions. The problem is then reduced to the simple one of 
taking into account the increased cost of the boiler due to the small 
increase of pressure. Steam users should not expect to gain in 
If by employing high velocities the superheater 
surface has been reduced, a loss of steam pressure must result. 
But steam users would have cause to complain if only one of the 
velocities were kept high, for then there would be friction losses 
with only one-half the possible gain. 


both directions. 


The interesting problem has now to be solved as to where the 
superheater should be placed. It certainly cannot be placed next 
to the air heater, because here the temperatures are too low. The 
further we move away from the air heater, the hotter will be the 
waste-gas temperature, the better the heat transmission, the 
smaller the heating surface required, and the lower, if desired, can 
the velocity of steam and gas be fixed. The cost of each alternative 
would have to be worked out. 

This is followed by a discussion of economizers, high velocity 
of flames (based on the experiments of Professor Nicolson), redue- 
tions of furnace temperatures and oil burning. (From a Report 
to the Manchester Steam Users’ Association, 1922, abstracted 
through The Engineer, vol. 134, no. 3495, Dec. 22, 1922, pp. 672-673, 
gt. Compare editorial, dealing with other parts of the same report 
in the same issue of The Engineer, p. 669) 


SreamM Ve ocity. In an editorial a question is asked as to 
whether we should guess or know what the maximum steam vel- 
ocity in a steam pipe should be, and whether it should be 6000 ft. 
per min. or 20,000. If 6000 is used where 20,000 would give en- 
tirely satisfactory results, a lot of money is wasted. On the other 
hand, if excessively high velocities are used, trouble is certain. 

Most of our formulas for the flow of steam through piping and 
fittings were inherited from the era of low pressures and saturated 
steam, and it is the opinion of many practical designers that they 
are totally inadequate for the conditions found in large stations. 
Moreover, it appears that the laying out of steam pipes on a veloc- 
ity basis is satisfactory only where a wide range of velocities is 
used to fit various conditions. 

In this connection, considerable interest attaches to the recent 
statement of John H. Lawrence, Mem. Am.Soc.M.E.—who has had 
extensive experience in power-station design—that the proper 
steam velocities for the conditions found in large modern power 
stations may be roughly approximated by allowing 1000 ft. per min. 
velocity for each inch of pipe diameter. If this rule is approx- 
imately correct, it is seen that 6000 ft. per sec., while about right 
for a 6-in. pipe, is far too Jow for a 20-in. pipe. This rule of thumb 
was not proposed by Mr. Lawrence as a hard-and-fast law of good 
practice, but merely as something tangible in the field between pure 
guesswork on the one hand and incorrect formulas on the other. 
In reference to the latter Mr. Lawrence said that actual measure- 
ments at the Hell Gate Station showed pressure drops far lower 
than those figured by any of the standard formulas for steam flow. 
As to losses through fittings and valves, the condition of knowledge 
is, he said, even more chaotic. 

The writer expresses the hope that The American Society of 
Mechanical Engineers will follow the suggestions of those members 
who are fully alive to the importance of this problem, and believes 
that it should certainly be worth while to make an extensive field 
survey to determine the actual pressure drops obtained with the 
various fittings, pipe sizes, pressures, superheats and steam veloc- 
ities found in existing plants. From a careful study of the tab- 
ulated data of such a survey it should be possible to develop for- 
mulas suitable to the need of the practical designer. (Editorial in 
Power, vol. 57, no. 3, Jan. 16, 1923, pp. 105-6, p) 
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RAILROAD ENGINEERING 
Graphical Analysis of Locomotive Boiler Proportions 


GRAPHICAL ANALYsIS OF LocomoTIVE BorLeR PROPORTIONS, 
C. A. Seley. A graphical analysis of locomotive boiler proportions 
developed with particular reference to the design of locomotives 
equipped with the so-called thermic siphon (For description of the 
thermic siphon, see MercuantcaL ENGINEERING, March, 1919 
p. 284). It is based on the engineering methods and data propo 
by F. J. Cole in designing boilers on horsepower basi 

The article is not generally suitable for abstracting 
the conclusions a 
(No. 16 
means high coal-burning rates and loss of econo Vv and ¢ flicier 
It has been stated that a 120-lb. coal rate is about the n 


amount for economical evaporation, yet this diagram 


rrived at may be reported here. One of the fi 


illustrates the results of insufficient grate surface, which 


lb., a very high rate for continued heavy service. The United Stat 
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Per | Grate |Coal Rat 
Cent | Area |perSq ft FIG. 23 
Grate | CONSOLIDATION (See Fig 22) 
Hr. 14 Revised by Addition of Superheater 
BTU. | 2-Syphons, 2-Arch Tubes Retained 
Les. 
100 | 563) 120 |e A 2087 
—-- — 
916 110 os “7 1903 
Fete wit Ss: 
lax. BHP wil) S . | 
779 mr BN 6/2 | 4619 
76.1 9}. intend SIE 158] 
Boiler Hp = 1203, 54.8% | 
Fics. 6 aNnD 7 DtaGrams oF ConsonuipatTion Locomotive Bere 


AFTER REVISION 
(The figure numbers above refer to the illustrations as piaced in the original 
Railroad Administration 2-6-6-2 design is in a similar class, 
high coal rate for heavy service. 

A claim is made in the article that some of the deficienci: 
present-day locomotives may be compensated for by the add 
of a thermic siphon. By way of illustration of 
following may be cited: 

An increase of tonnage rating of 20 per cent sounds big, but is 
actually being accomplished in the revision of a series of Consolida- 
tion locomotives originally heavily built and capable of such in- 
crease in tractive effort by cylinder and steam-pressure ch : 
The original boiler had four arch tubes but no superheater and was 
of 1411 boiler hp. The boiler revision consisted of superheating, 
adding two siphons, retaining two arch tubes, the combined « 
being to give an equivalent equated heating surface of 720 + 
or 1903 boiler hp., an increase of 35 per cent, with a very moderate 
coal rate, all as shown in Fig. 6. 

Fig. 7 shows distribution in percentage of the heating surfaces 
and the effect of the revised design, as compared with the orizinal 
dimensions equated to superheat ratio for comparison, or 74.14 
per cent. The revised locomotive has successfully handled a0 
increase of 20 per cent and over of the original engine tonnage 
rating, and, while this is an exceptional case, due to some of the 
features involved, no doubt, there are many locomotives that are 


these claims the 
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capable of a similar line of treatment. Railway and Locomotive 


Engineering, vol. 36, no. 1, Jan., 1923, pp. 9-13, 24 figs., eg 


European All-Steel Sleeping Cars 


IUROPEAN ALL-STEEL SLEEPING Car, Wm. Redpath. Descrip- 
tion ol what is said to be the latest word In Contin ntal sleeping- 
These are not only the first all-steel sleeping 


irs built abroad, but the first Kuropean cars in which steel cast- 


ir construction. 


ngs have been extensively employed to strengthen and simplify 
inderframe and truck construction. 

The whole of the structure of the body is of steel, the sides be ing 
onstructed with '/s-in. pressed-stee] members of varving sections 
onnected longitudinally to rolled-section angles at the base which 
est on the underframes. At the top the vertical members are 
onnected by the two angle rails. The sides below the waist are 
heeted with '/s-in. steel sheets of a special quality which give a 
iperior finish. The sheeting above the waist is pressed in !/ sin 
plate to form the window openings, as many as four windows being 
Steel moldings are used to cover the butt 
ints of the body side plates, the whole side being riveted together 


pressed in one piece. 


with rivets countersunk on the outside to give a clean appearance 
» the outside of the coach. The sides thus become deep girders 
capable of supporting the whole of the superstructure. 
The roof is elliptical, being constructed of a rolled-section angle 
These latter extend 
down to the cantrail level across compartments and are shaped to 


carline riveted to upper partition plates. 


The roof is designed to allow of 
he water tanks being assembled or removed through the outside 
eeting, covers with suitable joints being provided 


ut the ceiling at the corridor. 


Phe structure of the body is entirely of steel, being built in jigs 
corridot side, 
body ends, platform ends and canopies, thus in- 


in units: full-length compartment side, full-lengt! 
full-length roof, 
ring complete interchangeability as well as ease of production. 
lhese units, which for the most part consist of pressings and rolled 
tions all machined to templets, assembled whole on 
inderframe, leaving the shell ready for the assembling of in- 

rv finish. 


are quickly 


To insure absence of vibration and drumming, the 
work has been covered on the inside with canvas and insula- 
Free air 
( ilation between the outer skin and inner finish is also arranged 


{ from heat, and cold has been well provided lor. 


the prevention of condensation. 

hese cars are arranged essentially in a different manner from 
(merica 
ech passengers, the arrangement being eight single compartments, 


s ping cars In The \ have been designed to carry six- 
the single 
compartments being provided with communicating doors capable 

eing locked from either side. 
turn over to form the bed, the bedding being secured to the under- 
The seat back of the 
i le compartment is arranged to lift to a horizontal position to 
form an upper berth, being supported by pull-out brackets fixed 


four double compartments, and two lavatories, six of 
The seats of each compartment 


] 
{ 


sid ol the seats in dust proof envelopes. 


body side and corridor partition; safety straps supported 


from the ceiling are also provided. 

here are other facilities not available in American sleeping cars. 
Thus, incorporated with the vestibule ends are cupboards for ice 
and wine, utensils and coal, with linen cupboards in the ceiling. 
The ool wine cupboards are insulated with asbestos and are zinc- 
line 


lhere are two heating systems: one, the usual through steam 
heating, and the other by hot-water circulation. For the latter a 
heating chamber is provided at one end of the corridor at which is 
fixed a coal-fired boiler; circulating pipes of copper are run from 
boiler to a hot-water tank in the roof, and from this around both 
side f the car. 

As the cars run over many railway systems, some of which use 
Vacuum and others compressed air, it has been.necessary to arrange 
the brake rigging for use with either system. When the vehicles 
are in use for the vacuum system, two 24-in.-diameter cylinders 
operate a pair of brake shafts from which the power is transmitted 
to the brake blocks by suitable rigging, and when the Westinghouse 
system is in use, the power is obtained from a 17-in. diameter cylin- 
der. Further, the vacuum brake is fitted with a converter cock 
for use on certain sections. The Westinghouse brake is fitted with 
4double pipe line so that the system may be either automatic or 
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controlled. The same brake 


from a wheel placed in the vestibule at one end of each ear. 


The cars were built at the Leeds Forge Company in England 
ind their transportation to the coast and shipping them to France 
presented a difficult problem. It was, however, arranged to have 
the cars travel to the port ol shipment on their own wheels cor 
plete, excepting for the removal of a few parts of minor importance 
There it was found that the Channel 


ferry steamers built during 
the war for the purpose of carrving rolling stock to the Continent 
were available. 


It was found necessary, however, to construct the new terminal 


+ 


at Immingham, where these cars could be loaded on to the boats 
The problem of loading was not an easy one either and, for example, 
ramps were provided over which the cars were run on to the ferry- 
boat deck direct from the quay, an ingenious arrangement having 
been installed to allow for the rise and fall in the dock water level 
to prevent delay in loading owing to tidal conditions. 


Revie Pe. vol. 72. no, l. Jan fH. 1923. pp 63 67 S figs ; d 


Railway 


REFRIGERATION (See also Special Machinery 


COMPARATIVE AMMONIA CONDENSER Reports, P. Wilson Evans. 
For a number of years Armour & Co. have compiled a weekly com- 
parative statement showing data on ammonia condensing for their 
principal plants. 
to deduct and remedy inefficient operating conditions with a result- 
ing saving in power and operating expense. 
report is given in the article here abstracted. 


3y means of these reports it has been possible 
A copy or one such 


One of the columns of this report shows a total excess pressure 
It is the endeavor to hold this total excess 
pressure down to not over 25 lb., but it is difficult to accomplish 
this. It is only by keeping constantly after this phase of operation 
that this excess pressure is kept from going considerably higher 
The red pencil marks on the copies of the reports sent to the differ- 
ent plants indicate whether the condenser should be 


over ideal conditions. 


purged or 
other steps taken to reduce the pressure 

In case a plant is found to be materially out of line in its con- 
denser pressure the question always arises as to how much of a loss 
‘ast = have 
where the total excess pressure has been as great as SO Ib 

The original article presents a chart showing the horsepower 


in dollars and cents this condition is causing. ( arisen 


required to compress adiabatically the ammonia required to produce 
one ton of refrigeration, assuming the suction gas dry and saturated 
The curves of the chart were calculated by the author and are 
plotted with horsepowers per ton as ordinates and absolute suction 
pressures in pounds per square inch as abscissas 

From an analysis of the figures as reported in one of the weekly 
comparisons it would appear that in many cases purging of the 
condenser is necessary to reduce the excess pressure present, and 
the author shows how materially 
affects the cost of 


a reduction of excess pressure 
operation 

While there is a well-grounded prejudice against too much con- 
denser purging on account of the possibility of excessive ammonia 
loss, actually the amount of this loss depends largely upon the care 
taken in purging. 
method of purging an ammonia compressor is to shut it down and 
allow water to flow over it until there is no material difference 
between the temperature of the water going on and coming off. 
Then observe this water temperature and find from the ammonia 
table the corresponding condenser pressure. This pressure rep- 
resents accurately the vapor pressure of the liquid ammonia in the 
condenser and if the gage on the condenser shows higher pressure, 
the excess is due to non-condensable gases such as air. The purg- 
ing should be discontinued at a point somewhat above the pressure 
corresponding to the water temperature, thus assuring that there 
will be no great amount of boiling off of liquid ammonia. 

The difficulty in purging below the pressure corresponding to 
that of the ammonia vapor at a specific temperature is to know 
just when to discontinue it, but this is due to excessive pressure of 
non-condensable gases assumed in this case. Under more normal 
conditions it is satisfactory to discontinue the purging just at or 
slightly above the ammonia vapor pressure corresponding to the 
temperature of the water flowing over the condenser. If this is 
done, the loss of ammonia at all times will be insignificant. Or- 


In the author’s opinion the most satisfactory 



































































































































































































































































































192 


dinarily, it is considered better practice to purge several times in 
this manner than to continue the purging to a lower pressure. 
(Power, vol. 57, no. 1, Jan. 2, 1923, pp. 28-30, 1 fig., dp) 


RESEARCH (See Engineering Materials) 
SPECIAL MACHINERY 


Vapor RECOMPRESSION SysTEM FOR Evaporators. Discussion 
of regenerative evaporation, with comparison of operative economies 
with single and multiple-effect evaporators. A bibliography of 
patents and literature is appended. 

The nozzle systems are considered to be the easiest to discuss 
qualitatively. For high efficiency it is necessary to work with a small 
temperature drop and very high-pressure steam. To get double- 
effect efficiency (1 lb. of vapor entrained per pound high-pressure 
steam), the total temperature drop may not be over IS deg. fahr. 
for 100-lb. steam, 22 deg. fahr. for 150-lb. steam, or 22.5 deg. fahr. 
for 175-lb. steam. Ordinarily evaporators are designed to operate 
with from 5- to 15-lb. steam. If a single-effect evaporator with a 
nozzle compressor be compared with a double working between 10 
lb. and 26 in. vacuum, it will be found that the double has a total 
available temperature drop of 100 deg. fahr. against, say, 20 deg. for 
the other. Hence, on material of no elevation in boiling point the 
double would have five times the capacity of the single, twice the 
heating surface, and would require the same amount of steam 
condensing water and accessories. 

The comparison used is more strongly in favor of the double 
when the plant has exhaust steam to spare, as then the double saves 
either all the high-pressure steam used in the nozzle (if exhaust 
steam is available, which otherwise would be wasted) or it saves 
all the condensing equipment and condensing water otherwise 
needed for the prime movers. 

The best use for the nozzle is the plant where all exhaust from 
prime movers is used in the evaporators and in addition make-up 
has to be supplied as live steam. A nozzle may be substituted for 
the usual reducing valve on the make-up steam line; provided, of 
course, that the evaporator in question is a multiple effect with a 
small enough temperature drop in the first effect to make the nozzle 
efficiency appreciable. Here again attention must be paid to the 
rapidly decreasing efficiency of the nozzle as the steam pressure 
drops; because if the amount of make-up needed is variable, the 
nozzle will give useful results only when the throttle valve is wide 
open. Under conditions demanding less than the maximum amount 
of make-up steam, its capacity will be negligible. 

It has been suggested by Claassen that several small nozzles in 
parallel be cut in or cut out one at a time as the demand for make-up 
varies, but each to be either completely closed or wide open and 
never throttled. 

The remainder of the article, though of considerable interest, 
cannot be abstracted here owing to lack of space. It is devoted 
to an extensive discussion dealing with the selection of the type of 
evaporation equipment as affected by the method of power genera- 
tion at the plant either available or to be installed. A bibliography 
on vapor-recompression systems for evaporators, and, to some 
extent, evaporation generally, is appended. (Chemical and Metal- 
lurgical Engineering, vol. 28, no. 2, January 10, 1923, pp. 73-78, 
gcA) 


Oxygen Enrichment of Blast in Blast Furnaces 


OxYGEN-ENRICHING, SUPERHEATING, AND DRYING OF THE BLast. 
The question of enriching the blast in oxygen is now the subject of 
an investigation by the U. 8. Bureau of Mines. It is of interest 
to mechanical engineers as the majority of the methods now known 
to accomplish this purpose involve the use of compressor and low- 
temperature refrigeration equipment. 

In a paper before the Liége Congress M. Derclave, as regards en- 
riching the blast in oxygen, arrives at the following conclusions: 
The addition of 5 per cent (in volume) of oxygen does not improve 
the working of a blast furnace upon the whole, because the ad- 
vantages gained in respect of coke consumption are lost by the 
reduced calorific value of the furnace gas. Any further increase 
in the oxygen content would have no effect, because the limit of the 
indirect reducing power of the gas has almost been reached, the 


MECHANICAL ENGINEERING 





VoL. 15, No. 3 


ideal limit, according to Gruner, being reached when m 1.21 is 
raised to 1.57—that is, when the whole of the oxygen in the burden 
is abstracted by the CO. 
to attain so long as there is any water vapor in the flowing gas, as 
must be the case when damp and chemically hydrated ores are 
used, like minette. The 5 per cent to 6 per cent in volume of 
oxygen added must be considered the limit beyond which the point 
of equilibrium is approached, at which the quantity of CO require: 
at the tuyeres for fusing the materials is equal to that necessary 
for the complete reduction of the charge by the gas. Beyond thi 
point no further increase in efficiency can be realized in blast 
furnace working. One has reached the most favorable condition 
for the indirect reduction by CO, which is the essence of suecessfu 
blast-furnace working, as shown by the equation 
Fe.0O; + 6CO = 2 Fe + 3CO. + 3 CO. . ft) 


t 


This condition is, of course, impossibl 


for which the ratio CO, to CO in volume equals unity, or 1.57 i 
weight. 

To obtain further economy in fuel consumption it would be nee 
sary to oxidize the carbon directly by the oxygen in the ore, ar 
to find some other apparatus than the furnace which would reali 
the reaction represented by the equation: 

Fe.0O; + 2C = 2 Fe + CO. + CO (2 
which shows that carbon utilized in this direct way would giv: 
reduction three times greater than when burned at the tuyeres 
a furnace by the air in the form of CO. Because, according 
Kquation [2], to reduce two units of iron, two units of carbon 
required in the case of direct reduction, while by Equation [1 
the contrary, six units of carbon are required in the case of indi: 
reduction. 

It is easy to calculate that to obtain 1000 kg. of iron contair 
3.5 per cent C, by the indirect method, 35 kg. of C are require: 
carbonize the pig iron, a further 515 kg. to reduce the iron ox 
indirectly, and 25 kg. for the direct reduction of the other oxi: 
thus a total of 575 kg. would be required for the fusion of the 
and the slag and the consequent separation of the metal from the 
gangue. 

By direct reduction no more than 192 kg. of carbon would be 
quired, but it would be necessary to draw upon other sources of 
heat to insure fusion. By utilizing methods of heating not entailing 
the combustion of carbon, such, for example, as heating, drying, 
enriching the blast in oxygen or electrical heating, the whole of 
carbon would be utilized for the reduction of the ores and not 
smelting, and the saving in fuel would thus be pushed to its max- 
imum. 


i 


There is, then, a comparatively narrow limit to the exten! to 
which oxygen can be added to the blast. Even with the add 


of 5 per cent in volume, that is 27 per cent of oxygen by w t, 
the limit is reached; for the high temperature reached at the base 
of the furnace would destroy the lining, while at the top of the fur- 
nace there would be a rapid falling off in the reducing effect o/ the 
gas. As regards the hot blast, it, among other things, increases 


the ratio of CO, to CO in the furnace gas. that is, the ideal opera- 
tion is more closely approached. The hotter the blast, the smaller 
will be the quantity of carbon consumed at the tuyeres, and con- 
sequently the volume of CO produced in that region will be re- 
duced. Since the oxygen content of the ore remains the sme 
the proportion of CO, will increase and the ideal ratio of C\», to 
CO=1 (in volume) will be attained. The excess of CO, in the re 


duction zone will then act on the soil carbon, and, while the con- 
sumption of fuel is reduced in the region of the tuyeres, it i> !D- 
creased in the reduction zone. The final result will be that ‘here 
will be a notable reduction in fuel consumption without affecting 


the quality of the product. (Paper before the Liége Conuress. 
Abstracted through The Iron and Coal Trades Review, vol. 10), no. 
2863, Jan. 12, 1923, p. 53, g) 
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Test Code for Internal-Combustion Engines 


Preliminary Draft of Another Code in the Series of Nineteen Being Formulated by the A.S.M.E. 
Committee on Power Test Codes 


HE Power Test Codes Committee on Internal-Combustion 

Engines which developed this Code is headed by Dr. Charles 

Ik. Lucke as Chairman, the other members being Edward T. 
(Adams, Harte Cooke, Max Rotter, and Arthur West. 

The Committee and the Society will welcome suggestions for 
orrections to and modifications of this draft of its Code from thos 
who are especially interested in the testing of Internal-Combustion 
engines. These comments should be addressed to the Chairman 
| the Committee, in care of The American Society of Mechanical 
Engineers, 29 West 39th Street, New York, N. Y. 


INTRODUCTION 


rests for determining the performance of internal-combustion 
ines by this code apply to all forms of internal combustion 
ngines, but are limited to the engines alone. Separately driven 
ixiliaries that are essential to the operation of the engine, such as 
avenging pumps or blowers and injection air compressors, for 
xample, must be included in the tests, but the testing of such units 
ist follow the other codes appropriate to the unit to be tested 
nd the results in horsepower absorbed introduced and used in this 


de 


2 Internal-combustion engines, 
des are 


compared to others for which 
available, include a much greater variety in form, size, 
wed, weight, fuels and other operating conditions, with more or 
This fact makes 
necessary in a single inclusive code like this to leave many details 
the test to the judgment of the test engineer, or to be made the 
bject of expressed agreement before the test is started. 


special features for particular applications 


Sugges- 


s are offered in this code as to limitations, alternatives and 
‘ulties to aid in making selections of details, always with the 
lerstanding that suitability to the case shall be the basis of 
igment 


Sizes of internal-combustion engines coming within this code 
ve from one | orsepower to several thousand. 
than 100 r.p.m. to over 3000 r.p.m. Numbers of cylinders 
ce from one to twelve or more; some horizontal and others 


Speeds range from 


ical; some single-acting and others double-acting; some two- 
e and others four-cycle, with every variety of attached and 
irate scavenging pump for two-cycle engines. Fuels range 
n the lightest distillates to the heavy residue fuel oils, organic 
| mineral in the liquid-fuel class, and in the gaseous form include 
commercially available. Purpose and 
ety of load or other service conditions normal to and proper 


each engine cover equally wide ranges. Stationary engines 


operate at all loads normally at constant speed under governor 


control, for any period of time and any degree of intermittence of 
ise. Marine engines operate normally at full load, and the con- 


stant speed fixed by the propeller, but must be maneuvered ahead 
astern at any speed under hand control, and may operate for 
any period of time from short intermittent runs to the continuous 


full load for a month or more required of seagoing motorships. 
Aircraft engines must meet about the same service conditions 
aS marine engines, except that a smaller length of single run is 
required, but they must operate in the greatest known ranges of 
atmospheric pressure and of temperature. Other engines of the 
automotive group, those for land transportation, including those 
for sutomobiles, motor trucks, tractors, railroad locomotives and 


self-contained cars, are essentially variable in speed as normally 
used, and equally variable in torque, horsepower being as much a 


matter of secondary importance as in a hoisting engine or steam 
locomotive. The engines of this last group drive their vehicles 
through gear sets of different speed ratios, at changing vehicle speeds 
and changing vehicle resistance, and tests of them must be con- 
ducted with due regard to these service conditions. 

It is obviously impossible in any single code to prescribe tests in 
detail that could be equally applicable to all these conditions, so 
that some exclusions are necessary. At the same time it is highly 


desirable that tests for all internal-combustion engines set by this 
code should have as much in common as may be possible, even if 


some latitude of judgment is 


necessary to make this possible. 
t Excluded from this code are the following: 
Complete internal-combustion engine stationary power 
or liquid fuels, 
power-absorbing 


plants 
which have 


using gaseous power-generating or 
auxiliaries separate from the engine 

Motor-boat and motorship power plants and the vessels themselves 
Aircraft and their power plants 


} 


Land propelled vehicles, with or without speed-change gears 
including motorcycles, automobiles, motor trucks, tractors and 
rail locomotives or self-contained cars 

All internal-combustion engine “‘sets,’’ consisting of an internal- 
combustion engine so combined with a driven unit as to make it 
impossible to separately determine the performance of the engine 
itself, or such as falls within the scope of other codes, excepting 
only electric generating sets. Among these sets herein excluded 
are internal-combustion-engine pumps, compressors and hoisting 
outfits, whether used for hoisting or for hauling 

All internal-combustion engines, the construction or operating 
conditions of which prevent an output determination in 


either br ike horsepowe ror kilow itts, fora generating set. 


terms of 


5 Included within this code are the following internal-combustion 
engines not excluded by any of the items of Par. 4: 


Stationary engines, and electric-generating sets even if not intended 


ior stationary use burning gaseous or liquid fuels. including the 
scavenging pumps of two-cycle engines. and injection air com 
pressors, if used and separately driven 
Marine engines excl 


liquid fuels 


} 


isive of propeller, and burning light or heavy 


Aircraft engines limited to block tests, exclusive of propeller, and 
burning light liquid fuels 
Land vel e engines limited t« block tests and burning light 
and heavy fuels. 
6 Reference is made, in connection with the exclusions of Par. 4, 
to the separ te code s lor testing 

a) Displacement Pumps 

j Centrifugal and Rotary Pumps 
Reciprocating Displacement Compre rs and Blowers 

/) Centrifugal and Turbo-Compressors and Blowers 


tefrigerating Machines and P! 
Locomotives. 


f 


Reference is also made in general to other codes prescribing 
items forming part of this code, which must be considered in con- 
nection with it. All directions in these codes, noted below, appli- 
cable to this one must be followed 
g) General Instructions 
h) Definitions and Values 
Instruments and Apparatus 
Fuels 


UBJECT 


7 In accordance with the “General Instructions,” the object 
of the test, and if more than one, then each separately, should be 
determined and recorded. 

This code is limited to tests in which the object is of a commercial 
nature. It excludes all tests forming part of experimental investi- 
gations, research or development. But while no engineer under- 
taking tests of a research or development nature needs any code 
if he is competent to make such investigations, it will usually be 
found that parts of such research work will be aided and in no way 
hampered by following parts of this code. It is also in the interests 
of those branches of engineering, whose progress is based on ex- 
perimental data, if any parts of an investigation are carried out in 
accordance with the code, and recorded in accordance with the code. 
Results so obtained are more easily comparable with the large num- 
bers of tests always being carried out on the lines of the code. The 
research data then enter readily into the general body of knowledge 
of the internal-combustion engine. 

8 Tests of the kind contemplated by this code and for which it 
has been prepared, are those in which the object of the test is 
definition of an engine by its performance characteristics. 

9 When the object of the test is wholly or in part the determina- 
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tion of fulfillment of a contract guarantee, an agreement should 
be made before the test between the interested parties on all matters 
that involve any possible elements of uncertainty, or that may later 
be a cause of dispute, as noted in Par. 3 of the “General Instrue- 
tions,” and the points agreed upon should be stated in the report 
of the test. 

10 Agreements between interested parties should also be made 
and recorded even when a contract guarantee is not involved, before 
undertaking any test in which an element of judgment is involved 
in the selection of any instrument, piece of apparatus, physical 
constant, test method, operation condition or other matter that 
will promote the accuracy, the value, conclusiveness or the general 
acceptability of the results when obtained. This matter is one of 
special importance in tests on internal-combustion engines because 
of their great variety. 

11 Sub-objects of the main object may often be of value in 
improving the value of results obtained in the test for the main 
object and may themselves be made the subject of separate tests, 
but in all cases only when made the subject of previous agreement 
as to the nature of the sub-objects and the test procedure. Sub- 
objects of a test must be separately reported as such to clearly 
distinguish them from the main object, and it is advisable that 
reasons be given for making such special tests. This is especially 
important when the special test for the sub-object is to be con- 
ducted at the same time as the test for the main object. Some 
sub-objects that may be expected to arise in connection with code 
tests of internal-combustion engines are listed below, but no special 
instructions concerning them are included in this code. Selection 
is left entirely to the judgment and agreement of the test engineers, 
but none of these sub-objects will be considered as tests made 
“according to the A.S.M.E. code,” unless specifically added to the 
requirements by agreement and so marked in the report. It is 
recommended as good practice that they conform as far as possible 
to such parts of this and other codes as may be found applicable, 
especially those enumerated in Par. 6. 

(a) Exhaust-gas analysis, with special reference to the determination 
of air not utilized by the engine in combustion, and of unburned 
fuel or combustible 

(b) Exhaust-gas temperature, with special precaution to get accurate 

results in view of high velocity of gases, intermittent flow, and 

cooling conditions in exhaust ports and pipes, determined with 

special reference to equalization of load between cylinders of 

multi-cylinder engines, or accuracy of adjustment of combustion 

conditions, or percentage of fuel heat discharged in the exhaust 

Amount of air taken into an engine, with special reference to the 

volumetric efficiency and the completeness or incompleteness of the 

charging as a factor in actual as compared to possible power 

developed 

(d) Properties of liquid or gaseous fuels with reference to suitability for 
use in the engine, or with reference to identity of the fuel as to some 
specification 

(e) Determination of variations in the quality of lubricating oil or its 
contamination by use, especially by fuel or fuel products, and 
particularly for engines provided with a fixed amount of lubricant 
successively reused 

(f) Nature of solid deposits in combustion chambers, on pistons, valves 
and ports, resulting from use and originating in fuel or lubricant or 
in solids carried by the air 

(g) Amount of air required to start an engine provided with air-starting 

equipment, in relation to the capacity of starting compressors, 

especially for engines that must be frequently maneuvered in 

service 

Electrical starting requirements of engines using electricity for 

starting on heaters or electric motors, in relation to generator and 

storage battery 

(i) Amount and pressure of air required for air-spraying apparatus of 
air-injection oil engines using fuel oils, in relation to the spray-air 
compressor capacity 

(j) Power consumed by each or all of normally attached auxiliaries, 
with or without other operative characteristics of these auxiliaries, 
which include electric generators or magnetos, storage batteries 
or complete electric ignition apparatus, jacket-circulating pumps, 
direct or radiator cooling fans, lubricating-oil and fuel-oil pumps, 
starting and spray-air compressors, scavenging pumps of two- 
cycle engines, attached fuel and lubricating-oil heaters and coolers 

(k) Smoke quantity and color or density, and particularly when smoke- 
lessness in some degree is a matter of importance or of specification. 


(c 


(h 


~~ 


MEASUREMENTS 


12 The measurements that must be made in a performance test 


of an internal-combustion engine will be the following quantities: 
(a) Cylinder diameter, stroke and clearance volume of working cylinders. 
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(b) Diameters of piston rods and tail rods of working cylinders of 
double acting engines 

c) The brake-horsepower or shaft-horsepower output 

d) The kilowatt output if engine is direct-connected to a generator 

e) The speed in revolutions per minute 

f) The horsepower to drive the water-coo 

if any) 

g) The horsepower to drive the 
blower 

h) The horsepower to drive the independent injection air compressor 
The amount of fuel supplied: cubie feet of gas for 
engines, or pounds of liquid fuel for liquid-fuel engines 
than one kind at the same time, the amount of each kind 

j) The calorific value of the fuel, high value. 


! ind fuel-pump 


ing pump 


independent scavenging pump or 


gas-burning 
If more 


/ 


13 The measurements which may be made in addition to those 
required by Par. 12, will be some or all of the following as may be 
agreed in advance by the test engineers: 

(a) Cylinder diameters and strokes of injection air compressor 
(b) Two-cycle engine scavenging pump diameter and stroke 
(c) Diameters of piston and tail rods of scavenging pumps of two-cycl 
engines 
(d) Diameters of piston rods and tail rods of injection air compressor 
(e) The indicated horsepower 
(f) The number of explosions per minute, or fuel injections per minute 
or in general, combustion times per minute, for each and for all 
working cylinders 
g) The spray-air pressure of air-injection oil engines 
(h) The exhaust back pressure at the engine 
(1) The scavenging-air pressure of two-cycle engines, constant or max 
mum values 
(j) The manifold vacuum of carburetor engines 
(k) The jacket-water or oil-supply pressure at the main, and if jacket 
are divided with separate supplies, the pressure at the supp 
point or branch pipe to each 
(1) The jacket water or oil back pressure at the main outlet, or 
jackets are divided with separate discharges, the pressure at th 
outlet of each 
‘m) The pressure or vacuum or the hydraulic head, positive or negati 
of the supply of liquid fuel at the carburetor connection of car 
buretor engines, and at the injection-pump suction of injection 
engines 
n) The pressure or vacuum of the gas supplied to gas-burning engir 
at the mixing valve connection 
(0) The total pressure, static and 
air-cooled engines 
(p) Barometric pressure 
(q) Atmospheric humidity 
(r) The pressure of lubricating-oil supply to bearings of engines lul 
cated by pump forced-feed circulation 
(s) The temperature of the atmospheric-air supply 
(t) The temperature of the fuel for gas at the mixing valve 
liquid fuel at the carburetor or injection-pump suction 
u) The temperature of the jacket water or oil as supplied to the eng 
as a whole, or if jackets are divided with separate supplies 
temperature of each separate supply 
(v) The temperature of the jacket water or oil leaving the engine 
whole, or if jackets are divided with separate outlets, the temp: 
ture at each outlet 
(w) The temperature of the scavenging air of 
(x) Temperature of injection air 
(y) The temperature of the lubricating oil supplied to the engine at as 
many points as there are different supplies of pump-circulated 
lubricating oil, or in the crankcase of engines without pumps or 
having pump deliveries that do not permit of temperature meas 
ment 
(z) The temperature of the cooling air supplied to an air-cooled engin« 
(aa) The amount of lubricant consumed, pounds 
(ab) The amount of jacket water or oil supplied, pounds, for engines 
as a whole, and when jackets are divided for each if both s 
and discharge are separate 
(ac) Amount, pounds or cubic feet, of cooling air supplied to air-cooled 
engines 
(ad) Amount, pounds, of jacket water evaporated in jackets of hopper- 
cooled engines 
(ae) Amount, pounds, of injection water supplied internally to eylinders 
of some oil engines, as a liquid or as steam ; 
(af) The compression pressure in cylinders when hot and cold. at n 
or at reduced speed at wide-open throttle. 


velocity of cooling-air supply 


or r 


wo-cy cle engines 


a 


14 In preparing a list of measurements from the items of Pars. 12 
and 13, to be made preparatory to the planning of the log, and as 
a guide to their selection, it must be noted that in the above lists 
of measurements there are provisions for three groups: 


(a) Measurements required for the determination of results required 
for this code, namely, those of Par. 12. 

(b) Measurements to indicate the maintenance or variation of important 
operating conditions which might be described as the steady 
state required for the test prescribed, but which measurements 
do not themselves enter into the results except as specifying 
conditions under which the results were obtained. For example, 
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this is the case with all jacket water or oil and all lubri iting 
oil measurements of pressure, temperature and quantity. Thes¢ 
are included in the list of Par. 13 

Measureme? for one or more of itions required b 


the determi: 
ects listed in Par 1] is may be made the subject 


fan agreement by the interested parti These are included in 
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7 Indicators cannot be used at all on some internal-combustior 
s and in other eases only within limits. In no case ean ar 
tor be regarded as a precision instrument on an internal- 
ustion engine to the same degree as on a re¢ iprocating steal 

ri msome special cases are noted: 


On all hit 


When the engine speed exceeds 400 r.1 


«p.m in indicator must not 


sed for detert ng the evlinder mean effective pressure of an 
nternal-combustion engine. This excludes it 1 the detern 
ion of indicated horsepower for all engines of Par. 5( nd 5(d 
d all engines of Pars. 5(a) and 5 yperating over 400 r.p.1 
When the engine speed exceeds 400 r.p.m. optical indicators may be 


, 
idjustment of valve 


n for 


seful as or spark timing, but have 





tmecans of 
and a 


cylinder 


ther value use eve such adjustments in the 





re ol ne 
‘ 


ise of mult ngines 


ind-miss-governed engines the indicator must not be used 
r determination of the cylinder mean effective pressure for in- 
icated-horsep thus excluding such deter- 
minations from tests of hit-and-miss-governed engines 


When indicator « 


wer determinations, 


rds taken even at speeds of 400 r.p.m. or less are 


not constant in shape and area over long periods of time while a 
mstant load is maintained, the indicator must be rejected as a 
means of determining cylinder mean effective pressures though it 


used as especially as 
lizing the timing for multi-cylinder engines 
icting cylinder The test as to « 


per cent, so that when the largest area differs 


a means of adjustment of timing a 


the 


onstancy 


guide to equ or 
1 double 
f all be +2 
from the smallest area by 4 per cent or more of their arithmetical 
mean, all shall be rejected At various odd intervals of time, at 
least ten diagrams shall be taken on one card in addition to those 
taken at regular intervals, for comparison as to constancy 
When indicator cards taken even at speeds of 400 r.p.m. or less are 
apparently constant in area, according to the conditions (d 
they may still be useless as a means of determining cylinder mean 
effective pressure and indicated horsepower, when the cylinder 
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19 In measuring speed, the choice of instruments is determined 
by the characte e test carried out. Continuous speed counters 
he ’ ly for clow-runninge enor here : tant » 
iV be used Oni\ r siow-Tunning engines, where a COnStTaANnt speet 


Hand speed counters 
used, if handled 
be used of 


of considerable duration is maintained 


placed directly against the engine shaft may be 
carefully and well made. Tachometers may the <en- 
liquid pumping, or magnetic type, but these must he 
calibrated 

Teachown 
positive gearing to the engine shaft, and.in no case 


1 connecting link. 


trifugal 


and records of recent calibration must De 


ters must be connected by a reliable tachom- 


carefully 
av tilable 
eter =} att or by 


should belting be used 


20 The heating value of fuels to be used in calculations of results 
ymmbustion engines must be the “high value 
products condensed or the direct reading of a water calorimeter 


accordance with the procedure specified by the 


of tests of internal- 


properly used it 
Code on Fuels 
Accordingly 
Wi iseous fuel is burned in an engine under test, a standard 

form of gas calorimeter shall be used as one of the instruments o 


the following recommendations are mack 


test, and its determination shall be used as the heating value of the 

ilculations of heating value from the gas analy- 

not permissible according to the code, but with all details 

methods and physical constants involved may be 
made previous agreement 

bh) When liquid fuel is burned in an engine under test 
value shall be determined in a standard bomb calorimeter by a 
recognized physical or chemical laboratory, the selection of which 


sas supplied. C 
sis are 
i apparatus 
the subject ot 


its heating 








196 


should be a matter of previous agreement, and in the report the 
‘high value’ should be used in calculating final results. In no case 
shall such a determination be part of the duty of a test engineer, 
nor should his results be regarded as acceptable 

c) The heating value of gasolines and kerosenes may be estimated 
by the Sherman & Kropff formula, modified by Strong, from the 
Bé. reading without the bomb test, if such procedure is made the 
subject of previous agreement. 

21 Gas measurements for engine burning gaseous fuel must 
be made with meters or by methods yielding the greatest possible 
accuracy consistent with availability and cost in the large sizes. 

In no case can the results of proportional meters be regarded as 
satisfactory, nor those of vane meters of the anemometer type. 
Within the limits of size and cost, positive displacement meters are 
to be preferred, but these are not available for measurements of 
large capacity. 

Large capacity measurements are best made by means of one of 
the various types of flow-rate measurements, and that one, applied 
to mixed gases, should be used that requires the simplest and most 
accurate determination of physical or chemical properties. 

When physical or chemical properties of a mixed gas must be 
determined for use in a metering calculation, even if only gas density 
direct or computed from the analysis, a recognized chemical labora- 
tory shall be agreed upon to make the determination and its report 
shall be accepted and used. In no ease shall the test engineer make 
a determination of physical or chemical properties of gases, nor shall 
his results be acceptable if he does so. 

If measurements of volume of injection air or of scavenging air 
are desired, the orifice-flow method will be sufficiently correct if 
used as prescribed in the Code on Instruments and Apparatus, 
but the formula and conditions for such test must be agreed upon 
in advance between the engineers. , 

22 Liquid fuel supplied to an engine should never be measured 
by volume; it must be weighed directly as used. Combinations of 
weighing and volume measurements are acceptable if the volume 
of the tank itself is not the measure but only a reservoir from which 
the engine draws a supply, starting with a predetermined level 
marked by a hook gage or on a glass, and a weighed quantity 
subsequently supplied to restore the original level. In this case the 
weight is the measure and the result acceptable if proper precautions 
are used to limit the weight error of reading levels to something less 
than the error of the scale weighing. 

In no case shall meters be used to measure liquid fuel supplied 
to an engine. 

When volatile fuels are used, and especially when heavy liquid 
fuels containing light volatiles must be heated to make them flow, 
precautions must be taken to prevent losses of weighed fuel by 
evaporation, and the main supply must be protected against 
evaporation that may fractionate or concentrate it and change its 
quality with time. 


PREPARATIONS 


23 Before proceeding with a test, Pars. 4 to 8 of the “General 
Instructions” should be reviewed. The dimensions and physical 
conditions of all parts of the engine should be determined and 
recorded. The same should be done for all parts external to the 
engine to be tested, the condition of which might effect the success 
of the test in many ways. 

24 Things external to the engine should always be given attention 
first, and if on inspection and preliminary trial anything should 
be found that might impair the value of the test, it should be cor- 
rected before starting or even before the condition of the engine is 
examined. In view of the great variety of engines and operating 
arrangements, it is impossible to enumerate all of these things, 
but for their suggestive value a few are noted below: 

(a) Jacket-water supply should be assured in proper quantity, of proper 
cleanliness as to freedom from sediment, non-corrosive, and of a 
kind that will not deposit scale in the jackets when its temperature 
is raised. It is necessary also to arrange for as nearly constant a 
supply temperature as possible to maintain a steady state as to 
temperature of heated engine parts. The exceptions to this are: 
air-cooled engines; engines with boiling hopper jackets or with 
thermosiphon circulation to tanks, or with any sort of circulation 
of a fixed amount of water between jackets and a radiator or cooler. 
In these cases a proper supply of cooling water or air for the cooler 
or radiator must be assured. Engines operating with oil in jackets 
are included in the last group. Air-cooled engines must be assured 
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of a supply of cooling air proper in amount, velocity and direction 
as well as temperature 

(b) Engines operating with electric ignition, especially in the larger 
sizes, may be dependent on an external supply of current for the 
ignition system, or especially in small engines be supplied from 
primary or storage batteries. Assurance of continued supply at 
proper voltage for the whole test must be provided, and the most 
reliable means is an alternate source 

(c) When liquid fuel is to be used, there should be a sufficiently large 
supply of the grade to be burned to last for the whole period of the 
test, and in the case of viscous or semi-viscous oils, which do not 
mix well without heating, special care should be taken to assure 
the mixing of new oil supplied to the tanks with that already in the 
tanks. This is especially important for that group of oil engines 
most sensitive to grade of oil 

(d) Lubricating oil in sufficient quantities to complete the test should 
also be available before starting. When the lubricating system 
includes a tank or sump, especially when it is of considerable 
capacity, this should be drained and new oil provided or new oil ir 
sufficient quantities properly mixed with it to prevent any changes 
during the test, other than those normal and incident to its oper 
ation. 

25 If the engine is by previous agreement to be tested ‘“‘as is,” 
or in whatever condition it may happen to be, there is nothing fur 
ther to be done before starting the test except to determine all thos 
dimensions required to identify the engine, or necessary for the 
calculation of results. 

On the other hand, and normally, the engine should first be put in 
proper condition to perform in a manner proper and normal to it 
so that the test results will be not only a measure of what it did di 
but also of what it is capable of doing. 

In the absence of any agreement to the contrary, it will alway 
be assumed that before starting the test the engine will be put 
proper condition so far as can be done by cleaning, by stoppay 
of all leaks and by adjustment, including replacement of small part 
such as spark plugs or spray valves. Some suggestions are given 
a guide to these -several groups of items, but these must not | 
regarded as a substitute for the judgment of the test engine: 
who should in all cases record not only the condition in which t! 
equipment was found, but also everything done to change t! 
condition. 


’ 


26 Dimensions and other data not necessary for calculating t 
results but useful to identify an engine or to increase the value 
future comparative analyses may properly include some items 
its commercial specifications not properly classifiable as dimensior 
Among such items, including some that are necessary for calculati: 
test result, are: 

(a) Bore, stroke, number of working cylinders and in the case of tw 
cycle engines, the same information for scavenging pumps, w 
notes as to single- or double-acting arrangement for either or | 
and notes regarding injection air compressor if used 

(b) Dimensions of other principal fixed and running parts, diameter 
length of all important bearings and pins, including piston rods 
tail rods 

(c) Dimensions of certain minor parts, fixed and running parts ha‘ 
important functions, such as valve lift, port area, area thr 
mixing valves of gas-burning engines, carburetor choke area 
nozzle sizes, injection-pump plunger bore and stroke, push 
or valve-rocker clearances 

(d) All items of adjustment and timing and fer each eylinder of n 
cylinder engines such as spark of electric ignition engines, s| 
valve of injection oil engines when mechanically operated, ope: 
and closing angles, injection pumps of injection engines deliver 
directly to spray valves not mechanically operated, start and s 
angles, normal pump by-pass valve, timing of injection oil eng 
inlet and exhaust valves of four-cycle engines opening and clo 
all special valves of two-cycle engines 

(e) All nameplate information, together with important identifica‘ 
items of specifications especially concerning attached auxiliar 
nature, size, capacities, with proper working pressures, tem) 
tures or other items of operation or adjustment 

(f) Certain dimensions in addition to the above, not matters of ide 
nor necessary for calculation of test results but of importan 
judging the condition of the engine as a machine and useft 
judging the value of the results of the test. Here are included all 
items of alignment, clearances of bearings, pins, rods and slices 
pistons in cylinders, rings in grooves, valve stems in guides, p 
plungers in pump body, throttle in seat, together with varia- 
tions from straightness or roundness of cylinders, pistons «nd 
other parts. 

27 Cleanliness, especially internal, is of great importance in the 
operation of internal-combustion engines. Attention should be 
given, among other things, to the following suggestions: 


(a) Jacket surfaces on the heat-receiving side must be free from water 
scale, rust or other deposits, including carbonized oil, if oil is used 
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in place of water. Any deposit will cause the engine to operate 
unduly hot and may prevent operation entirely 

(b) Combustion-chamber walls, including piston heads and all inward- 
facing parts, such as spark plugs, spray valves, air starting valves, 
relief valves, as well as inlet and exhaust valves and the ports of 
four-cycle engines, and the ports of two-cycle engines, should be 
free from deposits, especially carbon, oil, gum or tar, and solids 
derived from uncleaned air i 
piston rings 

(c) The lubricating-oil system should be free of all deposits of whatever 
kind, and all flow passages freely and fully open, especially with 
circulating forced-feed systems 


This also applies to eylinder walls and 


(d) The exhaust system, including expansion chambers, mufflers and 
pipes should be clean and free and so arranged as to not develop 
excessive back pressure. Other engines exhausting into the 
same system must not interfere with the engine under test It 
is always preferable however that no other engines should exhaust 
into the system of the engine under test 

é Fuel-supply and regul iting systems must be clean and free of sedi- 
ment, tar or other foreign matter, and passages fully open, €s- 
pecially for liquid-fuel engines, at the carburetor or injection 
pumps 


28 Leakages must be located and corrected. Among important 


leakages to be investigated attention is called to the following: 
a) Cylinder leakage outward, lowering the compression and efficien: 
or possibly preventing operation. These leakages may be best 
checked by an indicator if the engine is one suitable for indicator 
use When there is any clear space between the c mpression 
and expansion lines of a card taken when there is no combustion 
and when cooling water is not running then it may be assumed 
that leak we 18 excessive In this e ise, and in cases where an indi 
ecator cannot be used to check le ik int the s veral possible sources 
ot ich leakage must be separately checked These are piston 
ring, cylinder, cylinder-head gasket, air starting valve, relief 
ilve, spray valve or spark-plug seat, inlet or exhaust valves of 


ivenging valves of valve-scavengings 


four-cycle engines, or air 
two-cycle engines 

»b) Leakage into the cylinder may occur from the jackets through 
bad joints, cracks or porous spots and blowholes in the castings 
compressed air from the starting air system through leaky air 
starting valves, fuel oil past spray valve at improper times and 
high-pressure spray air when air spraying is used in oil engines 

c) Miscellaneous leakages not into or out of the cylinder but elsewhere 
may be sought; in the manifold system of carburetor engines 
anywhere between carburetor and inlet-valve seat, especially at 
flanges and valve-stem guides; fuel oil in injection oil engines at 
pump valves, pump plunger, oil-delivery pipe or spray valve, 
lubricating oil at pump, tanks or in piping, spray air at compressor 
storage bottles, valves or piping, starting air at compressor storage 
reservoir, valves or piping. 
checked as a leak we item. 


Insulation of electrical circuits must be 
y4' Adjustments must be corrected if found to be w rong. 


OPERATING CONDITIONS 


10 The operating conditions conforming to the object In view 
should prevail as pointed out in Par. 19 of the “General Instrue- 
t s.” If it is a matter of agreement that the engine is to be 
tested in whatever condition it may be, and under whatever con- 
a ms Mav pre vail, then there is nothing to be done except to keep 
a record of all these conditions, with special emphasis on variations 
of every item that might effect the operation, or be useful in a 
subsequent effort to explain results. 

On the other hand, if by agreement operating conditions are 
specified more or less completely, then instruments shall be used 
and observations made to establish their maintenance or variations. 

In either case a record should be made and included in the 
fir report. 

is matter of operating conditions prevailing during the test 
is very great importance in internal-combustion engines, not 
only because of their great variety and the corresponding variety 
of conditions normal to any one sort of engine, but also because 
the internal-combustion engine is self-contained, actually or es- 
sentially, and sensitive to many conditions within itself, not notice- 
able unless sought. Many of these have already been noted under 
“Preparations,” as concerned with supplies, flows, leakages, clear- 
ances and fits or adjustments, but in addition to these there always 
arise questions of propriety of conditions of test in relation to con- 
ditions of service. 

Doubt and confusion will always result in internal-combustion 
engine tests if any assumption is made to the effect that the condi- 
tions of test shall be “normal.” If the word “normal” is used at all 
to describe the conditions, it must be defined by agreement. An 
agreement defining the conditions of the test is regarded as essential 
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to all internal combustion engine tests. The definition should in- 
clude all the items necessary in two groups noted below. one con- 
cerned with conditions in relation to service, and the other 
matters of test procedure. 

31 Operating conditions to be maintained during the t 


ire the 

ones most uncertain as will be clear from the following noté 

Aircraft engines must normally work in altituds rving from sea level 
to perhaps 30,000 ft., and in temperatures varying from highest immer 

the tropics, perhaps 120 deg. fahr., to the coldest known, under 50 deg. 

hr. below zero, and in any weather—dry, fog clouds, rain and snow. 
They must also operate well at any angle of inclination and eve ipside d n 
but always with an air-propeller load. In view of the fact that the . 
contemplated under this code are fixed block tests, it clear that 
conditions cannot be closely reproduced and onl pproximate¢ 
special altitude room of the Bureau of Standards with it r-refrigeratir 
ipparatus 

Engines for land vehicles are essentially varial n speed 1 rial in 
load in normal operation, and must instantly respond to controls that are 

mstantly and suddenly ried in heavy street traf rhaps1 ined 
for long periods of time in tractor or rail operation, and rare! levelop 
maximum horsepower though frequently called upon for maximum tors 
There can be no such thing as normal horsepower or speed for such engines 
and acceleration is quite as important as horsepower. They must, further- 
more, operate on a fixed supply of jacket water or oil with an r-cooled 
radiator or directly air-cooled, so that external wall temperature varies not 


with engine load but with vehicle speed, with weather and with climate. 
, 


As used especial with tractors, the air 


be heavily laden with gritty dust, requiring the use of more r iess effective 


dust separators or air washers. Again, it clear that service conditions 
nnot be maintained during the block tests contemplated by tl od 
Marine engines, ranging from small single and multiple evlinder gasoline 


engines, often of very high speed, especially for racing boats with gear drives 
ind clutches, to the direect-coupled large reversing low eed Diesel 
engine of motorships of 2000 3000 hp always with a propeller load, also 


operate under service conditions that cannot be reproduced in block tests 


Even stationary engines as a class while norma perating under con- 
ditions easi r to reproduce in the block tests of test n place iccording to 
this ce de, do also ir clude considerable \ riety s to what is normal rome 
of these, especially the smaller ones, such as farm engines or hi me lighting 
sets. operate for or short periods of time, and rarely if ever at full load 
Others, especially those for irrigation pumping, may work continuously at 
the maximum possible load 24 hours per day for the irrigation period, of 


perhaps three months nd then be shut down for the rest of the year 


Still others, especially those operating town water works or oil-pipe-line 
pumps may operate at full load 24 hours per day for a whole vear or more. 
Still others, notably the generating units of central stations, must meet 
the widest and most dden fluctuation of electrical load with ut varying 


in speed enough to affect voltage or synchronous operation of alternating- 
current systems 

The importance of agreement on these matters should be clear from these 
citations but the details mist be left to the judgment of the test engineer. 


32 Operating conditions during the test include mainly matters of 
load and speed to be maintained, with other points incidental to 
these. These should be agreed upon in all details, and should not 
be inconsistent with the conditions pre scribed below 


Engines of the stationary class, including | engine-driven gener- 


ator sets, Par. 5(a), shall be tested at constant speed under governor 
control or as near constant as the governor will maintain it, and 
t whatever load in horsepower or kilowatts may be required 
by agreement or specific object of the test 

All engines for the propulsion of land vehicles, Par. 5(d), except 
such tractor engines as are fitted with speed governors and operate 
normally under governor control, shall be tested with throttle 
wide open, with brake torque regularly varied from nothing to a 
maximum and back to nothing, at whatever speeds may result, 
ind the horsepower-speed curve typical of the engine shall he 
determined instead of the horsepower at any given speed. In 
speed be exceeded and when the highest 
speed used is the safe limit, it should be so stated 


no case should a ase 
Che maximum 
torque applied shall in all cases be greater than that which will 
produce maximum horsepower unless the speed required for this is 
too high to be safe 
c) Marine engines, Par. 5(4), and aircraft engines, Par. 5(c), may be 
tested according to the conditions prescribed for engines of land 
vehicles, in all respects according to conditions prescribed for 
stationary engines except that the speed shall be maintained 
by the brake torque and not by a governor. Marine engines may 
also be tested at constant speed for full-load operation fixed by their 
propellers. 

Special attention should be given to questions of safety that may 
arise during operation, such as excess speed, or torsional vibrations 
at a given speed within the normal range, and the procedure to be 
adopted in such cases should also be included in the agreement. 


STARTING, STOPPING AND DURATION 


33 Before recording the test observations it is essential that an 
internal-combustion engine, together with all attachments and 
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appurtenances, be brought to a condition of steady stute. The 
test cannot be considered as having started until the engine has been 
in operation for a sufficiently long time to have attained its steady 
state for the conditions of the first run, and until preliminary ob- 
servations have been made and recorded to prove that such steady 
state has been reached. If successive runs are to be made, each 
under some different conditions, these must be repeated for 
run. 

The prelir 
steady state for the conditions of operation of the test or each run 
of the test, 

For an 


, 
each 


ninary observations establishing the attainment of a 


must be made a part of the record. 

internal-combustion engine itself this is a matter of 
utmost importal ce, because the combustion chamber is a 
} 


1 > ; 
eloped at a given rate, 


furnace 
in which heat is dev depending on the fuel 
burned per minute in each cylinder (or each end), and in which the 
metal with this Metal 
temperatures vitally affect the performance of the engine especially 


temperatures vary rate of combustion. 
those of cylinder, cylinder head, and piston, with all attached parts, 
and in addition those of all bearings. 

The length of time necessary to establish the steady state will 
be different in engines of different class, and in any one class dif- 
ferent for different sizes. In general, the weight of metal in contact 
with the combustion chamber directly or indirectly through thermal 
conduction will determine the length of time necessary, but the rate 
of combustion in B.t.u. per hour per square foot of cylinder area will 
also be a factor. The greater the metal weight and the lower the 
rate of combustion the larger the time necessary to reach the steady 
state. While jacket-water or oil temperatures are important 
factors, they are not the controlling ones. Lubricating-oil temper- 
ature in the sump or leaving the bearings in a circulating system, 
is a guide to steady state of both bearings and of combustion- 
chamber metal, but not a conclusive one. In no ease shall an engine 
be regarded as having attained its steady state unless jacket and 
lubricating-oil temperatures are substantially constant. 

The means whereby the attainment of the steady state is proved 
must be a matter of agreement, but the time of operation itself for 
the preliminary period may be substituted. 

fn no case shall steady state for the first run be regarded as 
established in a shorter time than one hour after the operating 
conditions have been imposed and before test observations have 
started. other conditions 
time for any engine shall be ten minutes, 


For successive runs at the minimum 
the actual time being 
determined by the extent to which conditions are changed in suc- 
Maximum time to reach the steady state for any 
internal-combustion engine shall not be taken as greater than 24 
hours, which may be regarded as permissible for the largest sizes 
of low-speed Diesel engines for motorships and double-acting 
stationary gas engines. 

34 The duration of the test after the establishment of steady 
state for the set operating conditions shall be a matter of previous 
agreement, but should be greater for engines where reliability is a 
question of importance and which require the longest time to reach 
the steady state. 

In no case shall the length of run be less than the period required 
to reach the steady state, subject to the additional condition that 
the length of run shall be great enough to insure the accuracy of 
fuel measurement within 1 per cent, except when gaseous fuel is 
metered and when metering accuracy is not improved by lengthened 
runs. 

In some cases it may be found desirable to make a physical in- 
spection of engine parts after the test to determine injury due to 
operation, but only when agreement has been made as to details 
should this be done. 


cessive run. 


REcoRDS 
35 The general data should be recorded as pointed out in Pars. 
20 to 30 of the “General Instructions.’ Instruments should be 
read at least quarter-hourly when the conditions are uniform, and 
oftener when there is much variation. Indicator cards, if taken, 
must be taken from every working cylinder of multi-cylinder en- 
gines. If there are wide fluctuations in readings, they should be 
shown by recording instruments. 
Each indicator card should be marked when taken, with the 
number, date, time, scale of spring, numbei and kind of cylinder 
and end of cylinder, if double-acting. 
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The log should contain the records of the readings of all instru- 
ments, and these readings should be obtained at practically the 
same time as the indicator cards, if any, are taken. 

If indicator cards are taken, the areas, lengths, mean effective 
pressures, compression pressures and maximum cylinder pressures, 
should all be recorded in the log. One or more sets of 
indicator diagrams should be carefully selected for in 


; ° 
i LICLUSI 


specimen 
min the 


record. If, after taking indicator card: they are rejected, because 
of excessive fluctuation in area or insufficient area with high pres- 
sures for accuracy, a sample set of the rejyec ted eards sl} ill be in- 


cluded in the record with the data to support the rej 


justify the elimination of indicated horsepower from the r 
CALCULATION RESULTS 
36 The calculations nec ssary LO! di riving re sults fr m0 ( 
tions or from physical constants should not be undertaker 
previously consulting Pars. 31 to 35 of the “General Insti 


and the Code on Definitions and Values. 

37 Fuel Consumption. For liquid-fuel engines the actual fuel 
measured is stated in pounds in the report of the test, and is subject 
to no corrections. 

For gaseous-fuel engines the cubic feet of gas at whatever pi 
and temperature prevailed, indicated or recorded by the meter 
calculated from the reading flow-rate devices, is stated in the report 
of the test. 
at which the gas calorimeter burned the gas. The correction is to be 
made by multiplying the cubic feet of gas measured by the ratio of the 
absolute pressure at the meter to that at the calorimeter and by thy 
ratio of the absolute temperature of the gas at the calorimeter to t] 
at the gas meter. The product is the’ cubie feet of gas supplic 


This is to be corrected for the pressure and temperature 


to the engine measured at gas-calorimeter pressure and temperatur 

38 Heat Consumption. The number of heat units consumed | 
an engine per hour is found by multiplying the consumption by t! 
heating value. The heating value for gaseous fuels is stated 
the report of the test as found by the gas calorimeter, in B.t.u. } 
cubic foot, high value. The heating value of liquid fuels is stat 
in the report ol the physical or chemical laboratory engage 
determination, in B.t.u. per pound of fuel, high value. 

39 Indicated Hi rsepower. If 
ations have been specified in the agreement befo 
the indicator can be used, and when in additio: 


“LTO 


deter 


re test and wh: 


indicated-h rst pe wer 


after using it 
indicator cards are found to be acceptable as to accuracy for det 
mining mean effective pressure, per Par. 16, 
horsepower shall be calculated as follows: 

For four-cycle engines the indicated horsepower for eac! 
acting cylinder and for each end of each double-acting « 
shall be found by using the formula 


PLAN 


then the indicat 


fait 


\ 





L.hp. = me ce ee 
2 X d0000 
where P represents the mean effective pressure in pounds per squ 
inch; L the length of the stroke in feet; A the area in square in« 
of the piston less the area of the piston rod or tail rod, if any; 
N the number of revolutions per minute. The total indica 
horsepower of a double-acting cylinder is <he sum of the ho: 
power developed in the two ends, and the indicated horsepower 
of a multi-cylinder engine is the sum of the horsepower developed 
each cylinder. 

lor two-cycle engines the indicated horsepower for each sing!«- 
acting working cylinder, and for each end of each double-act 
working cylinder, shall be found by using the formula— 

PLAN 
Lhp. = —— 


33000 


where the symbols have the same meaning as above. The t 
indicated horsepower of all working cylinders is the sum of 
horsepower developed in each cylinder, and in each double-acting 
cylinder it is the sum of the horsepower developed in each end 

The mean effective pressure, P, should be found by dividing the are 
the diagram in square inches, as determined with a correct planimeter, by the 
length of the diagram, in inches, and multiplying the quotient by the average 
corrected scale of the indicator spring. 

Accuracy tests must be applied to determine the acceptability of the mean 
effective pressure thus determined, especially when cylinder pressures 
spring scales are high (as for injection oil engines) and card areas small, 
as is more usual for two-cycle engines of smaller size. 
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10 Brake Horsepower. The brake horsepower is found by multi- 8) Class of service, stationary and spe feature, marine, aircraft or 
7 . — ‘ vehicle. ¢ hat kine 
plying the net force, W in pounds on the brake arm, by the cir- ehicle, and what kind 
: , A . ‘ ° , ” Auxiliaries attached, such as magneto, fuel-injection my i 
curnference of the circle whose radius is the horizontal distance, ' 
abe: , ‘ ; circulating pump, lubricating-oil pump icket circulating pumps, 
L, in feet between the center of the shaft and the bearing point or scavenging pumps, spray-air compressor, maneuver r starting 
weight center at the end of the brake arm, and by N, the number of tir compressor, radiator fans, oil or fuel coolers or heater 
revolutions of the brake shaft per minute, and dividing the final + ae , independent or separately driven, and power 
i etails of tvpe. capacit yaker’s name and othe feature f 
product by 33,000. paar a _ ne and other 
! . al liaries 
BI 2rL WN 12) Rated brake horsepower of eng tr ner t 
>.hip. — and speed 
85000 13) Grade of fuel for which engine designed, kind of r ( 
Reference must be made to the Code on Instruments and Apparatus 14 hieatic n of liquid fuel, and what w is d in test 
aa : , : ‘ Special structural features for fuel utilization 
for descriptions of brakes, especially the hydraulic and electric 15) Special str aaa’ 0 “ ; paar Pe 
. ° re . . ) Special s K irai features ¢ speed and power control ine y er 
dynamometer types, referred to in Par. 17 for methods of applying nor or reversing gear 
them, and especially for methods of correctly determining the net Number of working cylinders 
force W from the gross force, and for incidental or special errors 16) Diameter of all cylinders working, 4-cycle or 2-cycle 
me : | eoleulati ‘ 17) Diameter of piston and tail rods of working eylinders in. 
in brake use and calculations. a Gielen of wal inde : 
; = : Stroke o orking cylinders f 
1] Electrical Horsepowe r. The electrical horsepower ol a gen- 19) Head-end hp. constant for workjng cylinders, (stroke x net piston 
erator is found by dividing the output at the terminals expressed in area + 33,000 
FAR ‘ : 4 re n¢ » constar or or gy ey ders. (stre » % ri nistor 
kilowatts by the constant 0.7457. In the case of an alternating- a) ‘ eee don - constant for working cylinders, (stroke X net piston 
. “ be area + 33,000) . piebwened eneee , 
current generator, the quantity of output determined whether Ah Pimeaiiiee all st 
; } A ; 21 apacity of generator or other apparatus consuming power of 
expressed in electrical horsepower or kilowatts, should be the net engine 
output. When the power for excitation or ventilation is taken 22) Characteristics of generator,—d.c. or a.c., volts, cycles, phas 
directly from the engine shaft, the net output is that indicated at the 
terminals. When the exciting current is obtained from the gen- Test Data ann Resvits 
erator through a motor or from some outside source, the net output B0\ Duseiion of teat = 
is found by deducting the current furnished as excitation from that 


. A ; ; . . Pressures, Average 
delivered at the terminals. When the exciter is driven from the 


; Xs - . ; 24 Jarometric pressure in. of mercury lb. per sq. ir 
engine shaft, the engine supplies the belt losses and the exciter 25) Spray-air pressure (air injection Diese] engines) average (say 
losses without being credited. When the exciting current 1s ob- whether gage or absolute lb. per sq. in 
tained from the generator through a motor, and the excitation cur- <6 oe back ae in. of water 

. . . . . 27) Jacket water supply press . lh. per a , 
rent is deducted from that delivered at the terminals, the exciter v +9 ; ee oe lb. per sq. in. 
7 - ° ; . ‘ 28) Manifold vacuum (carburetor engines in. of water 
ases are not credited. Where as with - separately driven exciter, 29) Gas pressure in main gaseous fuel inches water. .lb. per sq. in. 
it is really the exciter net output which is deducted from the power 0) Lubrieating-oil pressure, circulating forced-feed svstem 
delivered at the terminals. In a close test these differences may be aa lb. per sq. in 
. . . . . ) Scavenging-air pressure average, tw le engines b. per s« 
f some interest. It is regarded as important to have the basis of | , “ae em >. poreg 
power determination definitely agreed to in advance to suit the Temperatures 
irticular case and to be suitable to local conditions prevailing. 32 — ne-roor te attain —" 
. ’ ° rn . ° . 33 emperature ¢ fuel deg. f 
42 Thermal Efficiency. The fraction of the heat consumption 1) Tes one easel ‘ — 
° . Am ee ° . , eTnpera ire ¢ nain a SUPPLY daeg fanr 
converted into work is the “thermal efficiency and is found by Location of thermometer 
iding 2547 (B.t.u. equivalent to l hp-hr.) by the number of heat 35) Temperature of main jacket water or oil inlet deg. fahr. 
its actually supplied per indicated hp-hr., Par. 37. The quotient 36) Temperature of main jacket water or oil outlet deg. fahr. 
a - - 2 © ° 37 Temperature at let of separate rcke eg { 
l multiplied bv 100 to express the thermal efficiency in per cent. a Temy . - - : * separ t deg. fahr. 
‘ . 38) Temperature at outlet of separate jacket deg. fahr. 
The formula is 39) Temperature of mixture t intake port carburetor engine) 
9547 deg fahr. 
Thermal Efficiency - — oe 
-: @e Puc £ = 
, ; ‘ : 40 eating value of gas, high value B.t.u. per cu. ft. 
ere H heating value of the fuel high value), B.t.u. per pound 11) Heating value of liquid fuel, high value B.t.u. per Ib 
or per cubic foot and Q amount of fuel supplied per indicated 7 pong 
: . s c Juant ties 
horse wer | uur, pounds or ¢1 bie eet, a ‘. 
po r hour, pou ds or cubie f $2) Total gaseous fuel at meter pressure & temperature ou. ft 
DATA AND RESULTS 43) Correction factor for gas (Item 29 X Item 33 + 460 + Item 29 x 
_ Item 39 + 460 
13 The data and results should be reported in accordance with 44) Total gaseous fuel at carburetor or at spheric pressure cu. ft. 
| . 5) Tots quid fuel lh 
the form of Table 1 for horsepower tests made at constant speed, 45) Total liquid ae 
and in aeeordance with the form of Table 2 and chart, Fig. 1, for °¢Heurly Quantities 
horsepower tests made over the whole speed range of a variable- 46) Total gaseous fuel per hour at rimeter or atmospheric pressure 
speed engine. Lines may be omitted if not required for the object 7 T - | Hauid as 9 
. one es 4; ota quk lel per hour lb. 
of the test, or new lines may be added for additional data desired. 
. . . eat Consumptior 
For marine engines either or both forms may be used. Heat ee ; 
" 18) Total heat in fuel supplied per hour (Item 46 Item 40, or Item 
g TABLE 1 DATA AND RESULTS OF INTERNAL-COMBUSTION 17 XItem 41 B.t.u. 
ENGINE TEST AT CONSTANT SPEED Indicator Diagrams 
aaa , GENERAL INFORMATION 49) Mean effective pressure, average, four-cycle... lb. per sq. in. 
ro nn dua , ae os 50) Mean effective pressure working cylinders, average, two-cycle 
2) L aie - FY Sod je Nu th [pc eS Sep Res Geer em ene men Rea, lb. per sq. in 
3) Owner - jaan 
4) Builder ee ee ne Pet ee Pe er ee - Speed 
9) Test conducted by . =_" 51) Revolutions ar Beet acstd mde esses cacten en sued ‘ r.p.m. 
y 6) Object of test...... eer +e eee ee ee eee ft. per min. 
A DeEscRIPTION, DIMENSIONS, ETC. Power 
: 7) Type of engine, two- or four-cycle, single- or double-acting, horizon- (53) Indicated horsepower of all working cylinders.......... i.hp. 
- tal or vertical, if four cycle, the valve arrangement L, T, or I (54) Indicated horsepower of each single acting cylinder, or each 
: head, if two-cycle, the type of scavenging, if single-acting, whether end of each double acting four cycle 
- crosshead or trunk piston, if multi-cylinder the arrangement of No. 1 head end. . A.bp. 
” cylinders and cranks, gas or liquid fuel, and if liquid fuel, carburetor No. 1 crank end .ihp. 

il type, or other class name fixing manner of treating fuel, such as No. 2 head end , a * 

Tithe . . . . . . - ‘ 

Hvid, Diesel, or solid injection for example................. be No. 3 crank end ekaseudilbn ectne aeons .. .ibp. 


TEEEEELT SLL etc. 
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55) Brake horsepower developed by whole engine by brake or dy na- 

b hp. 

b per sq. In. 

56) Total horsepower of independent scavenging pump and injection 

air compressor hp. 
57) Net or actual brake horsepower of engine, 


mometer messurement 


a) Brake mean effective pressure 


Item 55—Item 56 b.hp. 
a) Net brake mean effective pressure lb. per Sq. in. 
b) Net torque at 1 ft. radius equivalent to brake horsepower 
ft-lb. 
58) Friction and attached auxiliaries horsepower 
(Item 53-Item 55 ‘ ] p. 
Bee nomy Re ilts 
Fuel consumption per i.hp-hr., gas (Item 46+Item 53 cu. ft 
Fuel consumption per i.hp-hr., liquid (Item 47+Item 53 . Ib 
59) Fuel consumption per b.hp-hr.: Gas (Item 46+ Item 57 cu. ft. 
Rie (Themes 47-4 Reem G7) ooo ocincsc'c. cm eesicvwaees lb. 
60) Heat consumed per i.hp-hr.: (Item 48+ Item 53).... 3.t.u. 
61) Heat consumed per b.hp-hr. (Item 48+Item 57) 3.t.u 
Effie ency Results 
62) Thermal efficiency referred to i-hp. (2547+Item 60)..per cent 


63) Thermal efficiency referred to 
Specimen Diagrams 


b.hp. (2547+Item 61) per cent 


(64) Sample diagram each working eylinder 


Electrical Data 
65) Average volts each phase.. volts 
66) Average amperes each phase imp. 
(67) Total electrical output corrected for winding 1, 2 or 3 phase kv 
68) Power factor per cent 
69) Total output in kilowatts kw 
70) Field power kw 
71) Net output in kilowatts kw 
(a) Field volts 
(b) Field amperes. . 
Power and Economy 


Electrical horsepower developed (Item 70 + 0.7457 
Fuel consumed per net kw-hr. Gaseous (Item 46+Item 70). cu. ft. 
Liquid (Item 53+Item 83)... eee Ib 
74) Heat consumed per net kw-hr. (Item 48+Item 70 


79 
‘- 
3.t.u. 


TABLE 2 DATA AND RESULTS OF INTERNAL-COMBUSTION 
ENGINE TEST AT VARIABLE TORQUE AND SPEED 
GENERAL INFORMATION 
1) Date of test 
2) Location 

(3) Owner 

(4) Builder 

(5) Test conducted by 

(6) Object of test ; 

DESCRIPTION, DIMENSIONS, ETC. 

7) Type of engine, carburetor or oil, single- or double-acting, if four 
cycle, the valve arrangement L, T, or I head, if two-cycle the type 
of scavenging, if single-acting, whether crosshead or trunk piston, 
if multi-cylinder, the cylinder and crank arrangement and if radial 
cylinders whether cylinders are fixed or rotate, and, means of fuel 
utilization by class name, such as Hvid, Diesel, or solid injection 
for example 

8) Class of service, aircraft, automobile, truck tractor, railroad or 
marine, for gear, electric or direct propeller drive, single direction 
or reversing. 

9) Auxiliaries, 
capacity, etc........ , : er 

(10) Rated horsepower and speed, if any, or speed at maximum torque 

(11) Bore and stroke of all working cy linders 

(12) Weight of engine complete 


attached and independent, kind, maker’s name, 


RUN NUMBER 


l 2 3 

(13) Brake horsepower b.hp. 
(14) Speed r.p.m. 
(15) Total fuel ‘ lb 
(16) Timeofrun......... hr 
(i7) Fuel per bour......... lb. 
(18) Fuel per hour per b.hp lb. 
(19) Heating value of fuel B.t.u lb. 
(20) Heat consumed per hour (Item 

17 X Item 19) j B.t.u. 
(21) Heat consumed per hour, per b.hp. 

(Item 20+ Item 13) B.t.u. 


(22) Thermal efficiency (2547 + Item 21) 

(23) Mean effective pressure equivalent 
to brake horsepower....... 

(24) Torque at one foot radius equiva- 
lent to brake horsepower........ 

(25) Fig. 1 Curve of r.p.m. plotted 
horizontal against vertical......... 
(a) Brake horsepower, Item 13 .... 
(6) Fuel per hour (Item 17)............... 
(c) Fuel per hour per b.hp. (Item 18)... 
(d) Thermal efficiency (Item 22)...... é 
(e) Brake mean effective pressure (Item 23) 
(f) Turque (Item 24) ...... 


per cent 
lb. sq. in. 


ft-lb. 
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Economic Features of the Machine-Tool 
Industry 


(Continued 


from page 153 
times. That reserve is cost, not profit. If he does not have such 
a reserve he goes out of business by the bankruptey route. An 
investigation showed that although they made a large part of the 
output, representative machine-tool companies did not earn quite 
9 per cent on their investment for 10 years preceding the war. All 
of those earnings could not be taken out in cash dividends. Most 
of the earnings were reserves to carry over depre SSIONS. 

Before the war, machine-tool prices were very low compared t 
the utility they gave their buyers. 
war, but advanced far less than prices of most war goods. The 


The prices advanced with thi 


industry made money of course, but out of larger production, not 
out of excessive prices. The tax laws penalized the industry un 
justly. The machine-tool builders financed their own expansior 
instead of asking the Government to do it. They now find them 
selves with expanded capacity that is much too large for any deman: 
likely to arise in a few years. The prewar demand was largel) 
Likewise the rapid growth of the autom: 

bile industry required many machine tools that have now be« 

supplied. The second-hand market was glutted with all sorts « 

tools from dismantled war shops. All these factors combined 

make the machine-tool business a very unhappy one for near! 

three years. 


foreign, and that is gone. 


As to remedies, the machine-tool builders have few choices. T! 
first is, to design something new and revolutionary that will mal 
a new market by obsolescence of old types. Naturally, this is 1 
easy, and very few companies will be able to work out this plan 

The second is, by mergers and consolidations to reconcentt 
the industry in fewer shops and reduce overhead in proporti 
But the individualistic machine-tool builder prefers to be his o 
boss, and may do his best work as such. 

The third choice is to take on some entirely different prod 
along with machine tools, which involves establishing an enti 
not an easy thing to 


separate selling plan, connections, ete. 

The fourth choice, for those who cannot for any reason t 
either of the other three, is to quit the field before bankrupt 
closes the shop doors. 

The machine-tool industry has an ethical standard—that sin 
one on which dependeth all the law and the profits, the Gol 
Rule. Through long years the leading machine-tool builders | 
built up their business on that standard. The violation of 
Golden Rule by some of their customers cost them a lot of m« 
in the deflation of the last boom. 

Abuses became so audacious and common that the industry i 
determined that the Golden Rule is good enough to work both w 
To protect the industry and its honorable, considerate custo: 
steps are being taken to make available to the industry full infor 
tion regarding those who use unfair methods of various sorts 
responsible, reliable machine-tool builder will hereafter tak: 
order to be a contract, not a buyer’s option subject to cancellat 
He believes in a price that is right all round, right for the custo 


right for his own stockholders, for his employees, for his family, «nd 
for himself. He believes in the same price for all his custon 
without the discriminatory shading here and there that only gives 
some shrewd buyers an inside edge on the fair ones who are w g 
to pay a right price. 

As a result of the depression of 1921 and 1922 the wide-aw.ke 
machine-tool builder is giving close attention to the economic. of 


his industry and the nature of his demand. He is studying \ it 
to do and what not to do at various stages of his business cycle. 
He is contributing statistics whereby the stages of his cycle are 
disclosed. In his mind he is correlating his shop as a part o! ‘he 
industry, and his industry as a part of the big industrial mac \ine 
that turns out goods of all kinds for the world’s comfort. He ral 
izes that his is one of the intermittent gears in the machine, «nd 
that as long as the other elements of the machine compel him to 
work so much more slowly at times, he must regulate his finances 
so as not to get caught in a squeeze. Such correlation will make 


a better industry with sounder, saner conditions than the mac!:ine 
tool builder has ever known, either in booms or depressions 
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ENGINEERING RESEARCH 


A Department Conducted by the Research Committee of the A.S.M.E. 


Résumé of the Month 


\ tESEARCH RESULTS 


pur] } tion of Engineering Research to give the origin of 
urch f ution which has been com ple ted. to give a ime i resea 
th formulas or cu here ich may be adily en, and t 
f non-exten , arc} wih hin the pin s f the n / if / 
irrant a pa 
hemistry A1-23 \ New Mernop ror DETERMINING THE Rat! 


OF SULPHATION OF SrToRAGE-BATTERY PLATES rechnologic Paper 
No, 225 of the Bureau of Standards, just issued, describes experiments 


which have been made to develop a speedy ind accurate method for 


measuring the effect of impurities in storage-battery electrolyt Ir 
the present paper the fundamental theory of the method and measure 

nts of the rate of sulphation of the plates in the pure acid are giver 
An exter n of the investigation is planned which will include the 
effect of added impurities following the method here described Ad 
dr Superintendent of Documents, Government Printing Offiec 


I 1/ EXPERIMENTS IN THE FLOW oF WATER IN VERTICAI 
Tunes oF DiverGinGc CRoss-SECTION Messrs. R. H. Morris and 
\. J. Houston have recently completed a series of experiments on this 

t at the Hydra Laborator ft Massachusetts Institute 
f Technolog It research was a continuation of the one earr 
m1 a year or so previous under the direction of Prof. George E. Rus 
It was hoped to establish some relation between the length and angk 
{ the tub r the lengt} nd ratio of end areas, which would give 


The authors in their cor 
ns state that, while the data obtained are unsufficient to warrant 

the leduction o in general torr lla expressing the relation betwee 
rle and length of tube which would give the greatest discharge 


given head, it may be quite definitely said that, within the limit 


the present investigation, for a iven head, the longer the tube t! 
rreater the discharge and, for a given length of tube, the maximum 
lischarge btal 1 with a tube |} ing an a e of between seven and 
ten degre They feel that there is a great field for further inve 
t alk thes ines 
One | this reseat file with the Librarian of the } 
neering Societies Librar 20 West 30th Street, New York 
Ut ition Al CARBON MONOXIDE IN THE PRopuctTs oF Com 
BUSTION FROM Naturat-Gas BuRNERS Mar ras appliances ar 
toriously inefficient Solid-top stoves with low-set burners and grid 
t te s with low-set burners consume from two to eight times as muc! 
s as stoves with r ed burners and 1 toy On ac int of the 
eration of carbon monoxide, a poisonous gas, with the products 
nbustion when the flame is improperly aerated, it is not practic 
to place burners at the distance from utensils where the maximum 
efficiency is obtained Burners of the “‘star type she ild be placed 
bout one in., the “slot’’ burner about , in and the “‘disk"’ twp. 
bout 1 ! from the utensil 


From the many tests for carbon monoxide made with five different 
burners and different types of flames at rates of consumption of 6.0 
nd 8.0 cu. ft. per hour (6480 and 8640 B.t.u. per hour), the maximum 
rate of liberation of carbon monoxide was found to be 0.25 eu. ft 
per hour and was obtained with a very soft flame and a close position 
f utensil which caused the flame to “‘float’’ and extend up the side of 
utensil It is not a dangerous rate unless one works directly over the 
burner, or several burners are in use at the same time for several hours 
r the room is unventilated. 

No carbon monoxide was found where the blue inner cone of the 
ime was not allowed to touch the utensil. A yellow flame will pro 
luce carbon monoxide at a rate much greater than a blue flame when 
the utensil is so close to the burner as to cause a floating flame. 

A natural-gas flame was found to be smothered from deficiency of 
xygen when the content of the atmosphere had been diminished to 
ibout 15.5 per cent. When one considers the natural ventilation which 
takes place through the windows and doors it would seem that the 
langer from carbon monoxide poisoning with natural-gas top burners 
is quite remote. 

This Technologic Paper No. 212 of the Bureau of Standards was 
prepared by Messrs. I. V. Brumbaugh and G. W. Jones and may be 
‘btained from the Superintendent of Documents, Government Print- 
ing Office, Washington, D. C., for 10 cents. 


"i 


Utilization A2-28. Vatve or Coke, ANTHRACITE, AND Bituminous 

COAL FOR GENERATING STEAM IN A Low-PRESSURE Cast-IRON BorLeR 
lechnical Paper No. 303 of the Bureau of Mines records the results 
of a series of tests conducted primarily for the purpose of determining 
the relative steaming values of coke, anthracite, and bituminous coal 
when burned in a low-pressure boiler, and fired by hand in fairly large 
quantities at a time. 
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ict ie that the ire in mal ] | 4 t 
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problem of m ru rt e to man ndustr ind to t " 
Tht ui re t The data intl | er, conseq 
I iblished tr it to the literature the Cr ’ 
itional res ‘ 
Phis bulletin know Pec! LP r N 279 w pr red 
Mr. D i Moffat M It « sts of 51] ‘ nd n t j 
for 10 cents from the Superint Le Documer G rnment P t 


ty \ (ARI ~s Mc OXID N I Pi ( { 3 N 
I mM Naturat-Gas BuRNERS. S I l t 1 
( { FIXATION A UTILIZA1 F Ni I re rt 
] een prepared ir rder to corr te i ‘ inder 
ne er suc! rmat n the fixatior 1 t zat tr 
llected | the Nitrate Division s e it r zat J : 
‘17, as may aid in the further development of that art in the United 
States It was prepared with the assistance of the Fixed Nitrogen 
. rch Laborator ol he Department of Agriculture ind : based 
ery considerable extent on reports, papers and irticles prepared 
( fheers and i ssociated tr i time to time with t 
t t tr Nitrate Di i ve n the published t } il 
1 ¢ mic papers of s ral otl \ raphy ! f 
t er rt ret t th re the t “ rs 
i Addr Nitrate D Ord Off War D 


I t { RECLAMATION F Usep Perrot! 1 LuUBRICA a 
OILs \ I ft tests recent plete the I of Stand 
| staff ha lien strated that ed l rt I be re 
1 by yparatus already « merci I 1 tl ived 
r irther ( such re ed wi I the I I ul 
epted tests for new S ich f h point ty 1 sediment 
l investigat nl iu aescril iit lechnolog Paper Ni 223 oft 
the Bureau of St t f il he Superint lent Documents 

G t P Off Was t LD. ¢ ) t r copy 
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Radioactivity Al MersoTHoRIUM The chemists of mesothorium 
the radioactive element found in monazit« ind and other thorium 


minerals, which is used as a substitute for radium in the manufacture 
of certain luminous paints and for medicinal purposes, is discussed in 


rechnical Paper 265, just issued by the United States Bureau of Mines. 
> . ] 
B—RESEARCH IN PROGRESS 
The purpose of this section of Engineering Research is to bring together those 


D 
m of work, and to inform the profes 


ng on the same proble m Sor coo peration or confers ice, to p event 


innecessary duplicat on Of the investigators 


spon researe h problems. The addresses of these invest gators 


who are engaged 


are given fo the purpose of corresponde nce 


Building Materials B1-23. Fire Resistance or Hottow Buitpine Tu 
An investigation of the fire resistance and re lated physical properties 
of hollow building tile has been conducted by the Bureau of Standards 
during the past two years in coéperation with the Hollow Building 
Pile Association A furnace, suitable for making fire tests of small 
panels up to 4 ft. square, was built and tests of unprotected panels 
built from tile of representative clays have been made in order to 
establish characteristic behavior under fire \ wide range in fire 
resistance was found, depending mainly on the mineral composition 
of the clays employed. As a possible means of increasing fire-resisting 

properties, grog additions up to 10 per cent were tried, but it was found 

that the small addition which can be conveniently made in manu- 
facturing practice had no effect, and that additions of 5 per cent or 
more decreased the fire resistance. The protection afforded by typical 
plasters has been determined, obtaining, generally excellent results. 
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rhe effect of the 


iddition of combustible filler to the raw material, 

of the fineness of grinding of the raw material, of the size of the unit 

and of changes in design of the tile, will be ascertained. Address the 
Director of Bureau of Standards, Washington, D. C 

Fire Prevention B1-23. Fire Resistance or Hottow Buitpina Te. 


See Building Materials B1-23. 

Electrical Instruments B1-23. Evectric TeLtemetrer. During the past 
two vears or more the Bureau of Standards has been engaged in de- 
veloping electric telemetric devices based upon the fact that carbon 


contact resistances vary with pressures or displacements applied to 
their terminals. In the past there have been several inherent diffi- 
culties with apparatus of this kind. The Bureau has investigated 


ill of these sources of trouble and has fe und means of eliminating all 
of them to a degre e which makes the : yparatus we ll adapted to a grea 
variety of engineering measurements 

These measurements include those of 
and other engineering structures, of accelerations, 
pressures of practically every The apparatus can be 
made either indicating or recording as desired. Up to the present 
time both indicating and recording instruments embodying this prin- 
ciple have been made for and largely used by the Bureau of Aeronautics 
of the Navy Department for measuring stresses both in airplane mem- 
bers and dirigibles where it is very important to read such stresses at 
a point more or less remote from the member under test. Similar 
apparatus has also been used extensively by the Bureau of Standards 
in laboratory tests on large structural members and also in connection 
with certain dynamometer work, and for much of this work the new 
instruments have been found to be substantially equal in accuracy to 
anything heretofore available in the line of indicating instruments, 
and they possess the additional advantage of permitting remote reading 
as well as graphic records to be made when desirable. Work is now in 


bi idge 
vibrations, and 


strains in members 


description 
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rogress on the extension of the field of application of these instruments 
» Various f engineering work to which they are adapted. 
7 ; ; , yy 2 : } 
me ind A ! B1-23. Exvecrric TeLtemerer. See I 
I nat ; B 
l’— BIBLIOGRAPHIES 
] n of Engin ig Resea m th 
} rp bn ha heen p pa / Ty } ; 
the the & / Ext ha —_ ‘} i} 
Re Committ \ll bibliograph ie Raia ; 
ly td nal copies a avauahle, |} l t 
; h the A.S.M.E These bibl } a st the hea 
; ~Y f 
Elect ty General F1-238. FEvecrrican INsuLATING Mareriat Ir 


onnection with the Bureau's investigation of the properties of certain 
types of electrical insulating materials, a rather comprehensive bib! 
books, patents, and periodicals has 


Since a considerable demand has arisen for copies 


raphy of papers, been prepared 
of these, thev have 
heen issued in mimeographed form as Letter Circulars Nes. 50 and 51 
‘Bibliography of books and titles of periodicals on properties and uses 
of insulating materials”’ and ‘Lists of the more important U.S. patents 
overing the materials and methods of manufacture of an insulating 


material Only a limited supply of these two letter 


circulars is ivall 
ible, but a copy will be sent on request, as long as the supply lasts, to 
iny person who can show an actual need for them Address the D 


rector, Bureau of Standards, Washington, D. ¢ 


Gases F2-23. Fixation AND UTILIZATION OF NitrROGEN, An eleven-page 
bibliography on this subject forms an appendix to Report No. 2041 
of the Nitrate Division of the War Department just issued. It cor 


tains references to material published from 1917 to the present 





CORRESPONDENCE 


(CONTRIBUTIONS to the Correspondence Department of MecHanicat 


ENGINEERING are solicited. Contributions 


particularly welcomed are discussions of papers published in this journal, brief articles of current interest to mechanical 
engineers, or comments from members of The American Society of Mechanical Engineers on activities and policies of 


the Society in Research and Standardization. 


The Surge-Tank Problem 


N DISCUSSING a paper on surge tanks by Professor Durand 

which appeared in the October, 1921, issue of MEcHANICAI 
ENGINEERING (p. 643), R. D. Johnson,? in a letter published in a 
later issue (August, 1922, p. 541) stated that a differential surge 
tank without exception is cheaper than a simple surge tank for ful- 
filling the same conditions. This statement was challenged by B. F. 
Jakobsen® in a communication printed in MECHANICAL ENGINEER- 
1nG, November, 1922, p. 764, and further in the closure to the dis- 
cussion of his paper on surge tanks before the American Society 
of Civil Engineers. The paper in question is mainly devoted to a 
general consideration of the problem of surge-tank action in the 
Kerckhoff plant of the San Joaquin Light and Power Corporation. 
Special reference is made to the design and tests of the Kerckhofi 
surge tank, a simple cone-shaped tank 17 ft. in diameter at the top 
and 39.5 ft. at the bottom. 

In his closure Mr. Jakobsen states that the Larner-Johnson Valve 
and Engineering Co. was asked to furnish a design of a differential 
surge tank and accordingly submitted one consisting of two inde- 
pendent shafts, one 7 ft. in diameter rising directly above the tunnel, 
and the other 20 ft. in diameter offset from the tunnel and connected 
at the bottom to the tunnel and at the top to the riser. This de- 
sign was not adopted because it would have been as expensive to 
excavate as the simple surge tank, and also for the following reasons: 

“This differential surge tank would permit an increase from no 
load to full load in 3 min., as will also the Kerckhoff surge tank. 
For such a load increase, this tank is comparable with the Kerck- 
hoff tank. However, when the load is increased instantaneously, 
or within a few seconds, from 1000 to 1500 sec-ft. (1500 sec-ft. 
being about full load on the plant), the water surface in the differ- 





1 Prof. M. E., Leland Stanford Jr. Univ., Past Vice-Pres. Am.Soc.M.E. 
2? Hydraulic Engr., New York, N. Y. Mem. Am Soc M.E. 
8 Construction, Hydraulic and Electrical Engr , Fresno, Cal 


ential surge tank is decreased from Elevation 965 to Elevation 932 
or the head on the plant is reduced by 33 ft 
total head) in 10 see.; whereas in the Kerckhoff surge tank the di 
crease in head is only § ft. in 10 sec. Both surge tanks meet t} 
condition imposed on them, but during the first minute after t! 
turbine gates have opened, the plant with the Kerchkoff su 
tank supplies on an average nearly 2000 kw. more than the one w 
the differential surge tank, and 10 sec. after the moment of regu! 
tion the Kerckhoff surge tank supplies about 2700 kw. more than t 
differential surge tank. As this is nearly the ultimate capacity 
the plant and for nearly full gate and at a time when every kilow 
an advantage in favor of the Kerckhoff surge tar 
The normal full load on the Kerckhoff plant is 35,000 kw., althou 
40,000 kw. have been generated for several hours when the tail-1 
elevation was relatively low.” 

Denying the statement of R. D. Johnson that the different 
principle produces without exception a cheaper tant, Mr. Jakol 
believes that ‘“‘the differential surge tank hes its advantages, 
it is not always the best possible type, as is shown by the previ 
discussion. Each plant requires a special study, and the size 
shape of the tank depend on the conditions to be met and 
physical constants of the plant. The success of the design depe1 
also largely on the designer’s ability to appreciate properly 
operating conditions which will be imposed on the plant.”’ 

The dispute between Mr. Jakobsen and the advocates of the dif 
ential surge-tank principle resolves itself, therefore, not to 
question as to whether the differential surge tank has its advantages 
over the simple type under conditions favorable to the forn 
but whether there can be any conditions under which the sin 
tank might be preferred, and, in particular, whether the conditions 
at the Kerckhoff project were such as to warrant the use of | 
differential surge tank in preference to the simple surge tank. 

The editors have recived a number of letters advocating the dil- 
ferential-tank principle, but because of lack of space it is imposs 
to reproduce all of them, notwithstanding their interest. It has 


about 10 per cent ot tt 


counts, it is 
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been decided, therefore, to publish in full a communication re- 
ceived from Mr. Johnson, the earliest champion of the cause of | 
the differential surge tank, and to give extracts from the other 
letters It is believed that this will serve to bring out the salient 
nts of the discussio1 
R. D. Jounson’s Ia ER OF No 1] 29 
iz i kp 
\\ ; < 
| | | 
\ l LS ¢ 
| 
e is 
rit e cf 
| ’ ; 
y tHe 
( ( tion O64 at the 
| to pi the 
hen d ¢ 1500 ¢.f.s 
} ‘ ] ; 
29 J o tu = 
P t and ser 
( lvantag Ther 
, M0) sor, 2 T00 ‘ el 
{ re I could gu e ¢ 
ears ( figured a hypot shortag 
( | | } The T prec 
( I il y 
Mr. J } 
1 thi , 
hain 
I i M 
} 
- ! 
rise! | le 
y food 
l ed mist | il 
’ 1 thus ! possil cla ort- 
tput } il to ferer ead t the 
in t two cases : subverting th 
i i ( i cl n W nas hearing on the 
il oper ( ol a pow? | it 
Some light his me 1 of figuring surges may be gleaned 
a glance at Fig. 9. This purports to be a surge diagram 
wing a gradual increase in load from 9,000 to 27,850 kw. in 
7 ( { which, during the remaining minutes shown in the 
e, the load is supposed to be maintained constant. At least, 
es the same figure for it when the water quiets down at Eleva- 
Q70.2 
ile this is quite possible with a varying discharge through the 
nes, it stretches the imagination to understand how the load 
emain constant with a constant discharge of 1145 c¢.f.s. while, 
same time, the head is varving Irom elevation 954.1 to eleva- 
982.3, which variation, with a constant discharge of the tur- 
would amount to as much as 3000 hp. to say nothing about 
wie invoked to keep the discharge constant. An exp! ination 
s is desirable 
is little study may furnish an index to his process oO! thought 
yes ro may account lor his views in regard to a shortage of power, 
mer, due to differential action. 
e two equivalent tanks which he illustrates differ in volume 
s ind they could only be considered to cost the same, as he says they 


do, by using a larger unit price on the extra shaft for the riser; but 
well known that the riser may just as well be placed within 
f- the tank, by adding its volume to the single excavation, or it might 
e be run up on the outside slope of the hill, if the topography is suit- 
8 able for such a course. 
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his particular sketch, I find upon inquiry, is a uly 
ed out of the office of the Larner-Jo Va ind Eng 
( iD in t course of corresponder tting { 
in | ! the differential regu 
mn s \ p 
+4 
| , 
‘ 
ly \ 
| < ) 
ld by 
ld « l 9 
t 
\\ DOW ) 
a ) reg mal 
) } 4 ‘ — 
In Mr. J 
i I ‘ “a S i 
\\ | i © 
ends , 
In S ted, vé g i 
en ndication t 1 
J Waste | 
Witl i ple tar | x 
cpensi 3m 1 il ip 
Mr. Jakobsen’s exa e does n ! i id damping. 
With differential act hows t ra f damping sed 
\\ out the loss oO is | turbine 
In closing, I wish aga et t ls 0 MI 
Jakobsen quoted the beginning of his letter, viz It is diffi t 
for the writer to find any excuse for omitting the differentia 
ciple when its use, without exception, produces per surge 
tank, which will fulfill the same conditions 
It must be understood that this is merely a and 
subject to the inaccuracy of all rules which are sai juire an 
exception to prove them However, in running throug i nd 
some two score surge-tank designs with which I am familiar, I am 
able to state that the ratio of cost of the simple tank to the d - 
ential varies greatly with the physical conditions; it has rarely 
: 


vuund higher t 


been fe han 3, not infrequently as high as 2, commonly 


as high as 1.75, sometimes lower, but never, up to date, neat 13 
low as unity 
The ratios seem to be larger for structural tanks than for ex- 


, 
cavated ones and it is probably in that field, if anywhere, that an 


exception might bi found 

Perhaps someone will feel enough interest in the matter to fer 
out and publish the exception which is now lacking for a thorot 
establishment of the rule and then its acceptance might possib! 
be made universal. 


New York, N. D. JOHNSON. 


Y. Re 
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In a letter dated November 27, Norman R. Gibson‘ questions 
whether Mr. Jakobsen’s conclusions were based upon a comparison 
of the actual performance of representative surge tanks of both 
types and adds that it is obvious that not all surge-tank designs 
are correct, nor any one design of any type suitable for all conditions. 

T. H. Hogg® in a letter dated November 21 points out that ‘‘the 
differential tank acceleration is faster than that of the simple tank, 
due to the greater drop in the water surface in the riser of the differ- 
ential tank during the early part of the first quarter cycle, which 
results in a lower operating head on the turbine. If sufficient 
flywheel is provided to prevent an undue change of speed during 
the initial movement of the governor this condition does not give 
less power during the period than would result from the action of a 
simple tank, because the greater acceleration in the conduit, to- 
gether with the capacity of the riser itself, more than compensates 
for the additional decrease in head, and as a result more power is 
available during this period with the differential tank than with the 
simple tank. Since the water level in the simple tank at the end of 
the first quarter-cycle is lower than in the differential tank, a greater 
amount of water is required by the turbine to meet the power de- 
mand, and, therefore, the gate opening on the turbine and hence 
the work done by the governor must be greater than fer a differ- 
ential tank. 

‘While the drop in the water level in the riser of the differential 
tank is more rapid than in the simple tank, it requires considerably 
greater time to reach its low level than the time necessary for the 
governor to make a full-gate stroke, and it is quite evident that with 
a governor set to take care of a given load change in a reasonable 
time, with constant head, it is perfectly capable of taking care of 
the same change with the slight and comparatively gradual change 
which occurs in the riser during the interval.” 

I’. J. Howes® (letter dated November 13) states that ‘‘a thorough 
discussion of the relative merits of simple and differential surge 
tanks is made so difficult by the vast amount of arithmetical in- 
tegration required that a proper sense of proportion is likely to be 
lost. The writer had occasion not long ago to compare the di- 
mensions of both types of tank which would be required to give 
equivalent speed regulation on a station of 33,000-kw. capacity on a 
head of 130 ft. The results from a differential tank 52 ft. in di- 
ameter had as good commercial characteristics as could have been 
obtained from a simple tank 90 ft. in diameter, in spite of the ex- 
treme drop in head occurring on the occasion of a sudden demand.” 

Eugene E. Halmos’ (letter dated November 16) says that from 
his experience the differential surge tank results in considerable 
economy in first cost where a fixed maximum or minimum head on 
the conduit or penstocks is of importance. He adds, however, that 
it is just conceivable that where the surge tank is an unlined ex- 
cavated hole in solid rock, the cost of additional excavation to obtain 
the diameter necessary for an equivalent simple tank might balance 
the cost of the riser of the differential tank. 

Lewis F. Moody* in his letter of December 2, 1922, formulates 
the broad problem of surge-tank functions, which is to handle in 
the best possible manner the oscillations which must inevitably occur 
as the result of the inertia of the water column. The engineer has 
first to limit the magnitude of the disturbance, and second, to 
provide for damping it out. Mr. Moody believes that the simple 
surge tank will accomplish the object of limiting the amplitude of the 
oscillations if the tank is sufficiently large. Unless relatively very 
large in dimensions a simple tank will not accomplish the second 
purpose of damping out the surges, and, in any event, it is not the 
tank which produces the damping but the friction in the hydraulic 
conduit. In his opinion, therefore, the so-called simple surge tank 
is a surge tank indeed, since it provides for a continuance of the 
periodic fluctuations until these are absorbed by friction in the pipe 
line. If the simple surge tank is not as large as it should be—and 
this is often the case—it may cause perpetual surging or even 
augmenting surges. 

C. W. Larner® (letter dated December 4) objects to Mr. Jakob- 


4 Cons. Engr., Niagara Falls, N Y. 

’ Eng Dept., Hydro-Electric Power Commission of Ontario. 

® Rochester Gas & Elec. Corp., Rochester, N. Y. 

7 Civil Engr., New York, N. Y. 

8 Asst. to Vice-Pres., Wm. Cramp & Sons, Ship & Engine Builders, Phila- 
delphia, Pa. Mem. Am.Soc.M.E. 

* Pres., The Larner Engrg. Co., Philadelphia, Pa. 
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sen’s assumption that an instantaneous load change requires an 


increase of plant discharge from 1000 ¢.f.s. to 1500 ¢.f.s. in a few 
seconds, and to the further assumption that the 1500 e.f.s. dis- 
charge is to be constant in spite of the fact that the head on the 
plant begins to fall off immediately due to the downward surg: 


in the tank. He believes that such 
possibly occur in prac tical operation. 


eould not 
This condition is illustrated 


a load increment 


by a curve in the letter. 

Objection is also made to Mr. Jakobsen’s alleged argument that 
the differential tank is not as good as the simple because at each 
instant during the early part of the surge, the head in the differ- 
ential tank is lower and the power output less. The writer claims 


that both surges are 
Both start at the 
tion. 





identical if we eliminate the element of 
same elevation and both end at the 
Kor every point on the differential-tank curve 


The 


time 
SHMme ¢ le Vil 

there is a 
corresponding point on that of the simple tank only differ- 
ence is that one oecurs later than the other. 

Mr. Larner suggests that load change be expressed in kilowatts 
instead of cubic feet per second. He further suggests as the only 
proper hypothesis for design or comparison of designs, the facts 
that the discharge of the wheels during the surge will vary and the 
gates will not be wide open until the bottom of the surge is actually 
reached. Hence, while it is clear that earlier in the surge the plant 
could turn a little more power if the gates were opened wider, he 
does not attach any importance to this because this additional 
power would have to be dropped a few seconds later 

Minton W. Warren'® (letter dated December 20) states 
the matters of first cost and interest on the investment 


that 
are left 
out, Mr. Jakobsen’s statements as to the superiority of the simpk 
surge tank over the differential for the Kerekhoff project are cer- 
tainly true. He points out that the differential tank is rapidly 
becoming standard practice and states his belief that in case 
where labor, material, and physical conditions are such as are found 
in the medium-high-head plant in the United States, the differentia 
principle utilized in some form will be found to be an advantag 

Fred W. Ely" (letter dated January 31, 1923) in analyzing the 
reasons which led Mr. Jakobsen to reject the differential surge tank 
states that while it is true that during the first 60 sec. the differential 
tank gives an average of nearly 2000 kw. less than the simple tank 
in the next 97 sec. the level in the simple tank is still slowly flowing 
while that in the differential tank is rising, and therefore the power: 
lost in the first quarter-cycle is gained in the second. The write 
believes that the flywheel effect of the rotating machinery coulk 
be relied upon to tide over the period during which the short wate 
column in the penstocks is accelerating. Moreover he 
that actually no deficiency of power exists at any time under operat 
ing conditions involving constant power; the above is simply pr 
dicted on Mr. Jakobsen’s condition of constant discharge which t} 
writer claims is impossible. Furthermore, the final quiescent lev: 
for the changed conditions will be attained in the differential ta 
in about one-half the time this level is reached in the simple tan 

While the discussion has been primarily devoted to the argumet 
as to whether, in the face of developments of the differential surg 
tank, there are any contingencies still left in which a simple ta 
would be preferable, it has brought out in passing some interesti 
suggestions as to the problem of surge-tank design to meet speci 
conditions. Thus, Mr. Ely, in his letter referred to above, di 
cusses the case of a tank extending some distance above the grout 
where excessive spilling in most cases is impracticable. © 
plant with which he has had some experience—the Colton P! 
of the St. Lawrence Transmission Company at Potsdam, N. \ 
required a tank extending 250 ft. above the ground. A sim) 
tank in such a location would be out of the question, even thou 
this plant falls within the scope of Mr. Jakobsen’s classificati 
of low- and medium-head plants. The differential surge tank 
this development has furnished satisfactory regulation with 
indication of a deficiency of power or fall in speed on suddenly de- 
manded loads. 

Letters have also been received from Messrs. P. Wahlman and 
O. V. Kreuse, but cannot be quoted here because of the lack of 
space. 


believe 


10 Eng! Dept.,’ Kalmus, Comstock & Westcott, Inc., Boston, Mass. 
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Variations in Design of Milling Cutters 
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feed per tooth is objectionabl or iccount of the nerea | tre eS 


in the machine and holding fixtures 


4 el | ( tooth eutters ire much inter ( rh ¢ t hen 
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() « In ldition two erl ( ests it} , ¢ th 60-<« . ' ' 
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l ite) I nin by l and 2 As noted earlier in the 1 ’ 
ort, the metal ed in the tests « first five cutters mentioned w 
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ts, | : I hows practi ally no ate! e in power required { > ne, Report tor 1922 
In the case of the three 


ifferent spiral angles tooth « t- 


tor thre hueyr 


believe that the lower power requirement is due tot 








umber of teeth instead of the spiral angle. ! r 1922 Ws Dalal y 1) I 
While increased spiral angles showed no advantage from th ol, M22 ‘17,014.77, as compared with a | . 
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1 thrust with the 60-deg. spiral cutter was not noticeable as far — 
he machine was concerned. In general a considerable spiral 
, , , , ( I iJ lary 1, 19% $14 +35 
gle is desirable, the only limitations being end thrust and the dan- — py ts eee i 1 $138,204 97 
er of burning the sharp corners at the ends of the teeth if the work — Fro: ties not in | 17.811.17 
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¢ was shown on the increase to 20 de On the other hand, See 5.21 
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he most important point in connection with this subject is Dh ets and f December 31, 1922, were follows 


fact that tendency to chatter was greatly reduced as the num- 
of teeth in the figure. On 


where it was impossible to eliminate chattering of the twenty- 


cutter approached a low many 


th cutter by any reasonable change in speed, absolutely no trouble 
with the eight-tooth cutters. lur- 
ore some trouble was experienced with the eight-tooth cutter 


experienced four- or 
vide and deep cuts at high feeds, but no chattering occurred on 
cuts with the four-tooth 


; 


Increase in spiral angle also reduces 
endency to chatter, and a combination of wide-spaced teeth 
teep spiral angle in a cutter will give the maximum capacity 
this line Moderate rake angles increase the tendency to 
ter but little, the ca- 
of the cutter. The proper consideration of these factors in 
ioice of cutters will eliminate much trouble in this respect 


while large rake angles greatly decrease 


CONCLUSIONS 


varse-tooth milling cutters require less power to remove a 
fine-tooth cutters. This 
work, although the margin in 
of the coarse-tooth cutter is greater on wide cuts. It is also 
if both cutters are compared on a chipper-tooth basis. 
len compared on a chipper-tooth basis the finish given by 
the coarse-tooth cutter is better than that by the fine-tooth cutter 


n account of the closer spacing of revolution marks. 
Low-cutting-speed operation of fine-tooth cutters to give a large 


g amount of metal per minute than 
ie on both wide and narrow 
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Overdeveloped Coal Industry Cannot Furnish 
Cheap, Plentiful Coal 


TH AT the coal industry is overdeveloped is an outstanding 

definite statement in the first re port of the United States Coal 
Commission. This overde velopment has been common knowl dge 
for some time, but its authoritative statement by the Commission 
should focus the attention of the public upon the high prices, faulty 
transportation, and unsatisfactory labor conditions that have 
resulted from an excess of two hundred thousand miners and a 
mining capacity of eight hundred million tons per year, when the 
annual consumption has never been greater than five hundred and 
seventy-nine million tons. 

The final paragraphs of the report furnish an interesting commen- 
tary on this overdevelopment. Quoting from the report: 

The way in which to reduce the overdevelopment of the mining industry 
is fraught with so many complications, not all of which are evident at first 
glance, that the Commission has not yet had time to ascertain sufficient 
facts on which to base any recommendations now to be made to the Congress. 
While it might be expected that in an overdeveloped industry aggressive 
competition would have driven out mines with high producing costs and 
forced prices to the consumer down to a minimum, so many such complex 
factors have operated to prevent the free play of economic forces that a 
very detailed and comprehensive investigation is required before valid 
conclusion can be reached. 

The inquiry involves the whole question as to what is best for the people, 
free competition, government or private ownership, regulation or control 
in the coal industry. Should the operators in given areas be permitted to 
combine so that the low-cost mines would furnish the product to the people 
and the high-cost mines be kept in abeyance to meet an emergency, properly 
regulated as to price and profit by some governmental agency, or should 
this prime necessity of life and business be left wholly to open competition 
in the market? This problem is of so great moment, with reference not 
only to theories of government but also to the economic life of the Republic, 
that the view of the Commission must be left to its final report. 

The Commission believes that the public interest in coal raises funda- 
mental questions of the relation of this industry to the nation and of the 
degree to which private right must yield to public welfare. It may be that 
both private property in an exhaustible resource and labor in a public- 
service industry must submit to certain modifications of their private rights, 
receiving in return certain guarantees and privileges not accorded to purely 
private business or persons in private employ. 

In the absence of facts the Commission refrains from comment 
as to the effect of profiteering, labor difficulties, transportation de- 
ficiency, and lack of storage upon high coal prices and unsatisfactory 
supply. The Report clearly shows the gravity of these problems, 
however, and points out the many troublesome phases of each 


OK MECHANICAL ENGINEERING 


Vou. 45, No. 3 


f the Com- 


Following is an abstract of the Report 


which must he investigated before the final report ( 


written. 


mission can be 
which was made public on January 15 and was signed by the entire 
Commission. 


Che coal problem begins with a contradiction Yet, with resources of 
coal in the ground adequate for the needs of perhaps a hundred generations 
of Americans, the nation’s coal bin is too often depleted and too often the 
prices paid for coal are much higher than seem warranted by the wealth of 

l tilable While it is true that a large majority of the states have 
coal mines within their limits, it is significant that all the anthracite comes 


tern Pennsylvania and 93 per 
il comes from three major areas: the Appalachian 
Pennsylvania to Alabama, the greatest storehouse 
world: the Eastern Interior region, comprising IIli- 


from a narrow area of 480 square miles in ¢ 
cent of the bituminous eo 
extending from 
of high-rank coal in the 


is, Indiana, and 


region, 


Western Kentuc kv: and the Western Interior region, 

extending from Iowa to Arkansas and Oklahon 
Che coal-mining industry, in point of numbers employed, outranks an 
single manufacturing industry and stands next to transportation an 


i 
iriculture Approximately three-quarters of a million men are employed 


in this industry ipital in- 

$2..530,000,000, of 

ind the remainder 

There are only 174 producers of anthracite and 
! 


of whom 90 per cent work underground Phe 
vested, according to the rough figures of the census, is 
which $430,000,000 is invested in the anthracite region 


in the bituminous fields. 


eight of these control over 70 per cent of the annual output, while there ar 
it least 6000 commercial producers of soft coal, to say nothing of th inds 
of wagon mines and country coal banks These producers operate 9000 
commercial mines 
The bituminous output is consumed approximately in the follow er 
centages Railroads, 28; Industrials, 25; Coking, 15; Dor I 
ind Steel, 7; Publie Utilities, 7; Export, 4; Mines, 2; Bunkers, 2 
industry does not end at the mines. Some ISO rail t tl 
the mine mouth and transport it to thousands of destinations 1s 
the railroads are the largest customers of the bituminous industr 
he l—anthr nd bitumir titute e-third t I 
road I ht, tl hler f the tw terw it 
interests inte } ‘ 1; ; 
Nor does the | etry end with ¢ t I + ¢ 
thousands of prod rs, big and little, witl re t 90,000 buyers 
rload-lot « ls ttered r 48 state req res ke 
wholesale marketing There are some hundreds of large wl 
1 much greater number, perhaps 3500 in all, of st eC! 1 
the business of running mines, the business of selling |! ! ! 
like mining, it has also its abuses. The final link in the chain of « 
is the retailer who receives coal in carload | ts from « | 
lelivers it in smaller quantities to the consiimer. There I s.( 
retail coal dealers, most of them conducting a small busin he 
about 130,000,000 tons of coal, or 14 per cent of the | t i tw 
thirds of the anthracite produced Combined charves of t t t 


in most localitie 


is readily 


and the retailer 
Therefore it 
transportation and marketing charges are just and fa 
cern to the consumers of coal. 

It has been suggested to us that one of the causes of high price 
is profiteering. There has been profiteering in the sense that grossly ex 
tant profits have been taken at times by many operators, brokers, and 1 
tailers: profits that have been disproportionate to the cost of the coa 
the service rendered or the risk in¢ But this Commission has 1 
obtained the figures for the past ten-year period specifically required 
the Act in order to 

There can be no doubt that two of the three periods of high prices 
1916 have been caused largely by labor troubles In the first period 
scarcity—August, 1916, to March, 1915 
quence and therefore some other explanation of the high prices and dis 
must be found. The second period of runaway prices, November, 1% 
to late in 1920, was originally caused by a nation-wide strike of 1 
beginning November 1, 1919. In this case the 
strike was aggravated by difficulties in transportation resulting in part 
severe weather and in part from a strike of railway 
further intensified by an unprecendented demand for export and by) 
times at home. In the third period of shortage and high prices, from 
we have not yet emerged, the primary cause was a nation-wide s ispe! 
of mining, involving practically all union men, which closed the anthr 
region completely and shut down two-thirds of the capacity in the bit 
ous fields of the United States and Canada. 

An opinion commonly expressed before the Commission is that the prin 


wholesaler, 


exceed the price of the 
it the 7 


that the prot 


lem whether 
ir is of the utmost 


mines. seen 


urred 


settle this question 


there were no strikes of cor 


short we created 


switchmen ma 


cause of scarcity and high prices of coal is transportation deficiency. ‘1 
have been recurring periods of ‘‘car shortage,’’ and such periods have 
erally high 
causes for the inadequac y ol transportation beside the absence of car 
as lack of motive power, congestion of yards, terminal facilities, or gatew 
single tracks where double tracks are needed, inability to coérdinate 1 
ment of boats and cars at ports, strikes of railway labor, and severe © 
storms temporarily blockading traffic. The so-called “car shortag 
not always due to insufficient coal-carrying equipment alone In } 
has been due to an overload upon the transportation system beyond 
that system could reasonably or properly be expected to bear. 

We find that in the bituminous industry since 1890 the mines have 
aged over the country as a whole, only 213 days out of a possible w 
year of 308 days. These averages, of course, show nothing as to the ré 
annual earnings of individual miners or their individual opportunity to 
In 1920, a year of active demand, the average time worked was only 220 


been acce mpanied by prices of coal There ire many 


] 
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’ , , 7 
ind in 1921, the vear of depression, it dropped to 149 days, with many di equipment of railroads. there should be a comprehet 
] ave 1 long perio 0 - | f 

tricts showing a figure much below this average Over a long Is" , m the tuture ol transportation in all its various forms ind ther 
varatively little of the time lost has been on account of strikes and that i : , 
oe sit pa . , intelligent preparation to utilize them In ¢aring r the expanding 
the vears when there are no strikes the aggregate tin lost from all cause 2 , - 
is about as great as in those when strikes occur In the twenty-three year commerce of the country 

er which the statistical record of strikes extends, the time lost becau The other aspect of the railroad pl wblem in which the railroad 
f strikes has averaged 9 davs a vear, or less than reg I cent f the sa yet figure as an industry that ean spend money ind provide bu 
for all causes combined. Short working time is the result of overas -< ‘ ; 

P ion. : : for others, is considered in an editorial in The New York Times of 
ment in the industr There are more mines and more mine! ! : he 
needs of the country require Februar’ é, 19235 According to this, railway constructiol id 

Although the country has never been able to absorb i ear more thar rival building construction if the companies were helped or ¢ 
979,000 000 tons of bituminou ul, the present cap : ou mE let alone ( hi az Is pl ining a union station whi h vill xcet | 





ve SOM) CD) CMD tor " . e . . 
rhe stead t bit in size either of those in New York. The Illinois Central alon 
é eady inet ‘ I bitumi . luring 
] , Ite 0 1] = ! 
BO aa ant hl ail neanned des i thais eet needs to spend forty-five million dollars. All railroads would spend 
. , ’ , ’ 
et that stand it in the statistical records furnished the Com the billion they should spend in the aggregate to give nec ry 
the I S Gk wical Surve In LOLS, the ear otf maxi il itput facilities fF the, ver . owed reasor hle profits vw +} which to so fy 
7 4.000 000 tor were mined, 615,000 met! yere @1 i t 4 ‘ ’ | . ; ; ‘ ‘ 
: : cred id be an eno l ( the lu i 
tumu al mines. nearly 622.000 the next vear er 639.000 19 
7 ; : ‘ ‘ . a ; i , road wre ner Qo f 
1 in 1921, 663.000 mine workers were employed in produ , p 
WOOO ft | t il mparabl I t if it wit! « ( ] = ¢ I nt 0 | ) il i re ut 
et } k f 1910, when 417 000,000 tor were mined, al ad " 1 ll rT " 
t that that vear le than 556.000 mine worker ere @1 : : : me 
‘ ' ' re tor t with LOO.O00 tewer miner 
’ ’ ? ' 
( ! 1 that there « . per l ! { 
t I if lit rem ‘ ) | ) i j i «ad 
} ardavelor 
I | rd | y i rod 
‘ nol t tl I 
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1 i \ 
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I Is brightening \fiter a it Was t la ) 
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United States, before the American Society of Civil Eng 

recent annu eeting. While Mr. Barnes considered motor- [> \ RECENT commu ition W Henrv Pat e- 
k and water transportation, he was careful to emphasize that 1) dent of the Institutio Mi nical Engineers Great 
railroads remain always the chief channel of transportati Britain. and a recent visitor to America, made a plea for tl oser 
was not able to give definite figures, but he did point out that  codperation in research of the engineering societies lenglish- 
iltimate effect of the increasing ability of the individual to speaking countries. During his visit to America Mr. Patchel 
luce, his increasing buying power and his ever-widening demand und that investigations on similar subjects were occupying the 
goods will result in the not-far-distant future in the serious ittentions of both British and American engineers, notably the 
arassment of our transportation scheme. While the railroad work in steam, an investigation on steam flow through nozzles, and 


e, during the past two decades, kept step with the increased the codes for testing engines and boilers. Mr. Patchell suggested 
sportation needs of the country, Mr. Barnes called attention that an immediate solution might be the appointment of correspord- 
the fact that any material expansion of transportation ing members by The American Society of Mechanical Engineers 
ice must require large additional capital investments. It is and the Institution of Mechanical Engineers on the Steam Nozzles 
| sable that some single- and even double-track lines are approach- Research and Steam Research Committees, respectively Such 
the maximum load possible for the capacity of their present contact would expedite the formulation of codes and provide 
ind any substantial increase means at once new roadbeds opportunity for international criticism which would clarify the 
1 service limit of existing terminal facilities is even nearer field and look toward the possible adoption of international codes 
he maximum possible, largely because not enough money and correlated international research. 
heen spent on terminal improvements during the last fifteen It goes without saying that any relations set up between national 
engineering societies will be helpful in cementing permanent affili- 


ere Is a general acceptance ol the principle of regulation of ations 
transportation by railroads, but it is Mr. Barnes’ belief that in American engineers will gratefully receive this fortunate expres- 
? ' 


past this regulation has been over-rigid and shortsighted. It sion of coéperation from Mr. Patchell, an outstanding man in his 
lestroyed the current earning power of the railroads and under- _ profession in England, having been honored not only by being 
mined their credit, leaving them unable to adequately expand their chosen as vice-president of the Institution of Mechanical Engineers, 
ties with the increasing tonnage of the country and in anti- but also as vice-president of the Institution of Electrical Engineers 
Cipation of future growth. It is becoming cleare) and clearer that American mechanical engineers will recall his leadership in the 
enlightened self-interest requires a fair and even generous interpre- use of large boilers at the Bow Street Station, London, in 1905 
tation of regulation of these great arteries of commerce, but before and his memorable paper dealing with superheater experiments 
large investments are made in terminal or special facilities and — in LS%., 








The Federated American Engineering Societies 


A N OUTSTANDING result of the recent annual meeting of the 
4“ American Engineering Council was the quickening of the sense 
of responsibility in each member of the Council for the establish- 
ment of a more complete understanding of the aims and objects of 
The Federated American Engineering Societies in the minds of the 
individual members of the constituent organizations. That the 
Federation is dependent for its growth and success upon the un- 
swerving loyalty and increased activity of each Council member 
was emphasized by President Cooley, doubly stressed by Executive- 
Secretary Wallace, and touched on again and again during the two 
days of the meeting. ° 

The Council adopted a resolution “That it shall be the estab- 
lished policy of the F.A.E.S. to advise its member societies promptly 
and as fully as obligations of confidence will permit, of the con- 
sideration or the undertaking of all’ matters of material interest 
and to seek and obtain the advice and counsel of the member 
societies so far as that can be done without delay or detriment to 
the matter under consideration.” This resolution was proposed by 
John Lyle Harrington as chairman of the A.S.M.EF. delegation to 
the Council. The debate lasted over two hours. While its adop- 
tion puts a responsibility upon the American Engineering Council 
to advise and consult, there is a still greater responsibility upon the 
delegates to the Council and the governing bodies of the constituent 
societies to organize so that the desires and opinions of the individ- 
uals making up the member organizations may be available 
promptly for the guidance of the American Engineering Council 
and its Executive Board. Gladly shouldering this responsibility, 
the A.S.M.E. delegates to the American Engineering Council dur- 
ing the coming months will address individual members of the 
Society and Local Sections officers for expressions of opinion on 
various activities that the F.A.E.S. is carrying on, and will solicit 
suggestions for new activities for The Federated American [ngi- 
neering Societies. 

Engineers must grasp the remarkable opportunity offered by 
the F.A.E.S8. to demonstrate the leadership of their profession in 
solving the tremendous economic and industrial problems facing 
this country 


L. P. ALrorp.! 


The Engineer in Public Life 
(THE KEYNOTE of the annual meeting of the American Engi- 


neering Council was struck by Dean M. E. Cooley, in his presi- 
dential address, as follows: “We are, I feel, entering upon a new era. 
The engineer, not so much in the technical as in the social sense, is 
about to take that part in the world which rightfully is his. I am 
speaking not of civil engineering, mechanical engineering, chemical 
engineering, electrical engineering, or any other branch of engineer- 
ing, but of the engineering profession as a whole After fifteen 
months of service as president of the Federation I am convinced 
that the opportunities of the engineer are very great. I have the 
utmost faith that the engineering profession of this country and, 
through affiliation with foreign organizations, of the world, can 
bring to pass a new epoch in man’s history.”’ 
This attitude has recently been expressed by the technical press, 
as shown in the following extracts. 


PuBLIC SERVICE AND THE ENGINEER 


Five engineers constitute the personnel of a rapid-transit com- 
mission brought into being at Detroit. Engineers as such will 
take satisfaction in the appointment. Formerly these engineers 
would have been employed as members of the staff, but here is 
public recognition that technical ability and executive ability may 
be found in the same man. There is a tendency for engineers to 
think of themselves as representing a quality of mind not possessed 
by others. It is true they are not so bound by tradition as are 
many other members of the community and they think in terms of 
the future as well as the present, in a day of industrial marvels. 


1 Vice-Chairman, A.S.M.E. Representatives on American Engineering 
Council. 


Also they are growing numerically strong, for the broadening range 
of engineering undertakings has held out promising opportunities, 
and the conspicuous successes the best brains have won in indus- 
trial life and in public places have brought high credit to the pro- 
Promotion activities like those of The Federated American 
Iingineering Societies have done their part in bringing such recogni- 


fession. 


tion, and so has the equipment the average engineer now brings to 
his task.”"—Jron Age. February 1, 1923, p. 361 


THE ENGINEER IN Civic Lirt 


‘Recent developments (referring to the appointment of Prine 
Caetani as ambassador from Italy, to the adoption of American 
management methods by Czechoslovakia, and to the work of the 
I’.A.E.S.) indicate the occurrence of two interesting the 
realization by the publie of the service it can command from thi 
engineer and the awakening of the engineer to the fact that he can 
be a valuable public servant. 

“Engineering 


perhaps have fallen to the status of mere catchwords, but ther 


events 


thinking’ and ‘the engineering approach’ may 
is nevertheless a real need for the methods of the engineer in publi 
office, and the more of him this country can induce to enter it 
service, the better.”—American Machinist, January 25, 1923 
p. 166. 

The same issue of the American Machinist p. 
an address by Dr. J. A. L. Waddell, a consulting engineer of N« 
York City, before the engineering students of the University 


Barcelona, with the comment that although the engineer has beg 


LDS quotes trot 


to interest himself in politics and to make himself felt in this fiel 


there is still much to be desired from those 1 in all classé 


Dr. Waddell’s statement is as follows 


engage 
of engineering work 


} 


Every individual should pay proper attention to his dutic 
of the country in which he resides Engineers in America are great 
in this particular; and the result is that our profession has very litth 
regarding the government of our country In the Administration 
Senate, and the House of Representatives at Washington engineer 
generally conspicuou by their bsence his is a condition that sl ld 
corrected as soon as possible, for the benefit not only of our prof 
ilso of that of the count: because who is there so competent in tl 
nd action as an e! neer, 

In European countries, I believe, engineers take a more promi 
in politics than they do in the U 8S. A for instance, in It there 
twenty-three engineers who are members of parliament What tl 


tions in Spain are I do not know; but I notice that the Alealde of Bat 


i distinguished engineer. 


In an editorial on The Federated American Engineering So 
in Power for January 30, 1923, Fred R. Low makes the follow 
pertinent statement 

“The orderly reorganization of a system of diversified and « 
conflicting self-centered into an interlocking syste 
production, transportation and distribution devoid of wasted efi 


interests 


and lost motion; the impressment of the necessary regulativ: 
directional forces without cramping initiative and motivating 
pose; must be done against the inertia and resistance of establi: 
privilege and with the repression of unreasonng radicalism 

“The belief is growing that the unemotionai, analytical, pract 
engineering type of mind and of man must be looked to to b: 
this about.” 


INDIANA ENGINEERING SOCIETY 

The twenty-ninth organization to join the F.A.E.S. is the Ind 
engineering Society, comprising a membership of nearly 400. 1 
object of this association, which has its headquarters in Ind 
apolis, is “the encouragement of professional intercourse betw 
the engineer and surveyors of. the State of Indiana, and the adva 
ment of its members in scientific research in the various bran 
of engineering.” 

While public service is not included in this clause from the « 
stitution of the Society, Indiana has ever had the coéperatio: 
this group of engineers in such matters of public concern as flood 
prevention, sewerage, road construction, and water works. 
president of the society is W. H. Elliott and its secretary is Chars 
Brossman. 

















Engineering and Industrial Standardization 


Standardization of Methods of Testing Wood 


Now Under Way 


misunderstandings and disagreements concern- 


NNUMERABLI 


ing strength of lumber and timbers, and such accidents as grow 
sut of miscalculation of the strength of various kinds of lumber, 
hould be result of the 
iethods of testing wood, recently undertaken by the many interests 
nvolved, under the auspices of the American Engineering Stand- 
rds Committee 

The U. 8. Forest Service and the American Society for Testing 
Materials have been appointed joint sponsors for this undertaking, 


greatly reduced as a standardization of 


nd 16 additional organizations are represented on the sectional 


mmittee which is to make an intensive study of the subject 


The scope of the committee’s activities embraces the 


stand 


rdization of physical (including mechanical) tests of wood speci- 
ens. Of immediate importance is the application of these test 
and (4) structural timbers. The most 
the establishment of standard 


ting wood which will make data obtained at different 


small clear specimens, 
t desideratum involved is 


portal 


ictice In te 


irces of the broadest possible value and insure the attainment 

comparable results 

L.. J. Markwardt of the Forest Products Laboratories at Madisor 
consin, has been elected chairman of the ectional committer 
Prof. M. O. Withey, Professor of Mecha Universit 


\utomobile Headlight-Testing Specifications 
| 


\pproved by ABS. 


( )»! e tri iti ( e touring motorist —t el 
ttempt t ily wi | mobile headlighting regulation 
oi all states through which he passes on his trip aeross the cor 
t t—will | dd as the various state motor-vehicl 
( rtments ilopted the Specifications of Laboratory 
| Ap} il of Eleetrie Headlighting De ( or Me 
\ es which | st been approved by the American Engineering 
St rds ( miuittes Nine tates have alread ndis 1 t { 
t will adopt the specifications, while in three thev are alread) 
e specifications were submitted to the A.E.S.C. by the 
| inati k:ngineering Societ This organization dsthe 
S ty of Automotive Engineers have been appointed joint spon- 
§ for any revision and further development of the code whic! 
I be necessary \pproval of the specifications was recommended 
t e American Engineering Standards Committee by a Special 
( ittee which had been appointed to investigate their practica- 
I ind acceptability. This Ce mmittee, of which David Van 
~ ] 


icK, Vice-pre sic nt ol 


the National Safety Council, was chair- 


n was made up of representatives of the automobile manufac- 


t industry, automobile ACCESSOTY manufacturers, the officials 

tor-vehicle regulatory bodies, insurance companies, safety 
Te izations, technical soci ties, and of the I S. Bureau of Stand- 
‘I 


Safety Code for Power Presses and Foot and 


I land Presses 


| I. use of power presses and foot and hand presses for stamping 
1 forming pieces of metal and other material has grown so 
api'y, and the loss of hands or fingers on these presses as com- 
mon'y operated is so frequent, that this hazard has become one of 
the inost serious mechanical problems in accident prevention. 
This code is one of a number of safety codes which have been or 
are being formulated under the general auspices of the American 
Engineering Standards Committee. One purpose of the code is 


to serve as a guide to state authorities. Part I includes such re- 
quire ents as may properly be enforced by a state industrial com- 
Mission or labor department such as the location and installation 
Of presses, feeding and removing material, making and setting of 


dies, and operating rules. Part II contains illustrated ds tion 
and discussions of press hazards and the methods ( I 
used to remove or protect against ther Lx 


illusti ited 


This cod Sp sored by the Natio il Salety ( iW 
ulated | 1 committee of twenty-one men, including two represent 
tives of the manulfacturers of presses, five users of presses, « 
representative of employers five governmental bodies, five spec! 
ists in the subject of power-press operation and safet ind ret 
insurance representative Mr. C. B. Auel, manager, emp : 
service department, Westinghouse | lee. & Mfg. ¢ Pittsburet 
Pa., was Chairman of the Sectional Committee, and Mr. 8. J 
Williams, chief engineer, National Safety Council, 168 N. Michigar 
igo, Ill., was its secretary lor copies of this cod 


Ave Chic 
National Safety Council 


Building Code Committee Issues 
Series of Reports 


NVESTIGATIONS by a Congressional Committee during 1919 


and 1920 disclosed the it ting ling t 
riat ind inconsistencies their | 101 | t 
indul restrict] or expensive require ! \\ rm ting 
re r T ! eded ict ty I t! HMullding mau t t 
nditions might be remedied, a mitt f experie! eng 
nd architects was org ed See H ! I ga 
puLllding pract rari ai ¢ ¢ ’ lt ents ? yr y ~ y 

dj uy rulat T | ~ ‘ latest ! tw 

} ’ 1) ty a ‘ ‘ | | ‘ tiv i = g 

! g building if 

In order that its r nd migl 
] a ! c*" rT (7 | nen 
ne | ire eng ing and architectu burlde 
exchang nd indust rganizatl g uid) 
terials ‘) l l S I I 1 rg : 
individ eng ! ulding Is, t Bure 
( el | aard an to I ( qu re i 
d Ss ich subic 

Ow the pre vy ed r aw 1S¢ f rs ) 

is ( nittee only presents recom! lations the ruc- 

ti nd two-fa ses ng exter \ 

r } vo? sonr eoneret i fra t hye tter | ey 
ind stueco surfaces 

The ( ittee re re { lding ci S 
solid brick and 6-in. solid concrete wal rZ nd o-story d 
ings accommodating more n two fa eacl S-j 
hollow building tile. he N lock. or low walls bry 

| rolok) shall not exceed 20 ft. in height to the gables: and that 
rame construction be limited to 2 stories Metal lath and plaster 
on wood studs properly firestopped is approved for party and 


division walls, but at least every alternate wall in row houses mu 


be S-in. solid brick or concrete or 12-in. hollow building tile. co 
crete block, or hollow wall of brick. 
The report recommends revised working stresses for timber 


Ss Forest Prod- 
Live loads to he required is bases for design 


used in dwellings, based on investigations of the U 
ucts Laboratory. 
are 40 Ib 
lithic type, or of solid or ribbed slabs. Foundation walls of brick 
are required to be 12 in. thick for excavated enclosures, and similar 
concrete walls shall be as thick as the walls they support but not 
less than 8in. Special hollow building tile 12 in. thick is permitted 
for foundation walls of frame buildings. . Detailed recommenda- 
tions are given for firestopping and chimney construction, also for 
treatment of built-in garages. 

Subsequent reports will deal with the construction of multi- 
family dwellings, hotels, clubs, office buildings, stores and other 
mercantile buildings, factories, work shops, amusement places, 
churches, institutions, schools, public buildings, garages, and other 
non-residential buildings. 

The Committee is composed of the following members: 


per sq {t for floors of wood, and 30) for those of mono- 


Ira 
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H. Woolson, Chairman, consulting engineer, National Board of in each district. may obtain the best results by compounding « 
Fire Underwriters, New York City; Edwin H. Brown, architect, other treatment. 
Minneapolis, Minn.; William K. Hatt, professor of civil engineer- 
ing, Purdue University, Lafayette, Ind.; Rudolph P. Miller, form- 
erly supt. of buildings, New York City; John A. Newlin, in charge 
of section of timber mechanies, Forest Products Laboratory, 
Madison, Wisconsin; Ernest J. Russell, architect, St. Louis. Mo.: 
and Joseph R. Worchester consulting engineer, Boston, Mass 

This report, comprising 100 pages and thirty illustrations, may 
be purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Price 15 cents 


. 
The operating engineer requires uniform. sizes 
of firebrick, as thin joints, which seem essential to long furnace life, 
are impossible where firebrick vary in thickness. Mr. Seaver 
pointed out that variations in sizes are due only partly to the effect 
of heat in the kiln and mostly to the effect of variation in pressure in 
the different lavers. He told of methods being employed, by certain 
power plants in the construction and repair of furnaces, such asspray 

ing the inside of the furnace with a half-inch laver of high-temyp. ra- 
ture cement, or the use of relieving arches, or, by slight changes in 
form or location, correcting improper draft distribution. In th 





_— discussion the importance of uniformity was again emphasized 


ss tied . ‘ ; by firebrick users. Edwin B. Ricketts! stated that the troublk 
Bureau of Standards Conducts Investigation on 


due to high furnace temperatures might be solved by locati 
Welded Pressure Vessels passages in the walls through which air n 
to the combustion chamber 
pera RNESS of scientific data on which to base proper re- 
4 quirements for safety without placing unjust restrictions 
on the use of welding has raised 4 difficult problem for the Boiler 


Code Committee of The American Society of Mechanical Engi- MEETINGS OF OTHER SOCTETIES 


neers in its effort to draw up a code to govern the construction of 


iV be passed on its 


unfired pressure vessels. However, with the cooperation of the \MERICAN INSTITUTE OF CHEMICAL ENGINEERS 
American Bureau of Welding, whicl Is the advisory committer 


: = Historic and industrial Richmond was headquarters 
on welding research for the American Welding Society and the 3 


sft ‘ : , fifteenth annual meeting of the American Institute of Chet 
National Research Council, a Pressure Vessel Committee was 
‘ : é . ‘ engineers, held December 6 to 9, 1922, inclusive The execurs 
appointed to codperate with the Boiler Code Committee and a : , 

: . : program included trips to points made famous by the Civil War 
series of testS Was arranged to be carried out bv the I nited States an : ahaa . 

“we well as to modern industrial plants \ large delegation visited t 

gureau of Standards. Eight manufacturers placed forty tanks 


, ‘ . Virginia-Carolina Chemical Company's plant, where sulphuric 
at the disposal of the Committee and provided funds for the test. 1 f ‘ 521 ae , q Mat a ; , 
é : acia phosphate, and mixed tertiuzers are made ALCTIAIS DANI 
A hvdrostatie and hammer test was finally decided upon to deter- Keecae "= gp , 
. — itp : “gr has been reduced to a minimum in this plant; transportation 
mine whether a vessel was safe for the purpose for which it was ' 


designed. 
The shells of most of the tanks were 6 ft. long and 2 ft. in diameter. 


carried out on elevated tracks by means of an electric engin 
also by means of electric cranes on either side of the building 


: 2 : : Hopewell, which now has a population of some 9000 and conta 
and made of s-in. mild steel plate. Both electrie and oxy-acetv- ’ . od, WH ; 


lene welding were used. The hydrostatic and hammer test de- a . ye ot 
1 x Was Inspected The Richmond Cedar Works, the Richmond ‘( 
veloped that the welded pressure vessel, according to the regular ' IP . , , 
. , er Works, the Standard Blotting Paper Co., and other indust: 
formulas for working pressure, has a factor of safety of about 6. ' 
, > ahs , a plants were also visited. An inspection of the tobacco factor 
A remarkable feature of this undertaking is the rapidity of ac- one 
im. 2 ' ; was preceded by an instructive address by T. M. Carring 
complishment. The first meeting of the committee was held in 


number of thriving industrial plauts, the Hummel-Ross pulp faet 


. > s am an resident of the Tobacco Association of the United States, on t 
New York on August 17 last, anda plan outlined. The tanks called / aad nd as | interest ' 
“yiaiee ; ; 2 merican tobacco industr f special interest were the autor 
for in the program were immediately built by manufacturers dis- ki acim late adk an Slee Seidl 

k » 7 “ ‘ ac ng and Wrapping nachines used ihn the lactvories 
tributed W idely (one ol them on the Pacifie Coast). and shipped to pa : DI 


a . : . ‘ The technical program of the meeting contained a number 
the Bureau of Standards in Washington. \lost of the tanks ar- , = 
; f general interest \. I. Marshall, of Baltimore, M 


rived by the first of December. Under the supervision of Dr. | n the u f pyrex gl ngineeril terial 
+1 a ra ° "rT , ah ‘ spoke on ic se oO vre Giiss as an engineering material 

4. Whittemore, Chief of Section VII-1, Physical Tests of Struc- Ma . 2 

H. | - , wer » hoa 6 J.R. Young, Mellon Institute, outlined the development of asl 
protected metal. Three papers on the al sorption of ga 
towers were presented I. C. Blake, of the Du Pont ‘ OMpan 


cussed the resistance of packing to fluid flow and W.B. Van Ars 


papers 


tural Materials Division, who is also chairman of the Committee, 
testing was started December 4 and carried on continuously to 
January 10. Many visitors, including members of the Boiler 
Code Committee, insurance inspectors, tank manufacturers, Amer- : ; snip gles 
7 roldi cal a > - ie ; of the Brown Company, and Prof. R. T. Haslam, Massachu 
ican Welding Society and National Research Council, have wit- ; spect . i 
; Institute of Technology, the effect of rate of flow on absorp : 
nessed the tests. : oe 
Among other topics considered were the Various uses of wood 


A complete report will appear in the April issue of MECHANICA cutatehe in chenaicel taduittles, wubeepeodiing comerete, and 
ENGINEERING. 
performance, 
AMERICAN PETROLEUM [Ns TrITUre , 
Boiler-Furnace Refractories 
The third annual meeting of the American Petroleum Inst 
HE subject of Refractories and their relation to the furnace was held in St. Louis, Mo.. December 6. 7. and 8. 1922. It 3 
problem of modern central stations drew an interested aud- preceded by a meeting of the Association of Natural Gasolin 
ience to the meeting of the Metropolitan Section of the A.\S.M.E. Manufacturers, making a four-day convention for the consideratio! 0 
in New York City on January 23. Kenneth Seaver! in a very — of problems of the oil industry, a number of which involve mechati- t] 
interesting talk, told of the problems of the manufacturer of fire- eal engineering. Among the subjects discussed at general and grou b 
brick and pointed out the manufacturing difficulties that must be sessions were standardization of equipment, internal-combu: 0 
overcome by proper furnace design and construction. Mr. Seaver engines, natural gasoline as a motor fuel, and the relation o ir 
emphasized that the main dependence of the power-plant operator “knock” to the gasoline problem. i 
is ordinary firebrick, for silica brick, which is suitable for high temp- Under the general topic of standardization, simplificatior 1 
eratures, such as are achieved in metallurgical work, is unstable improvement of oil-drilling methods and equipment a nu 
for boiler settings on account of its contraction and expansion in of important papers were presented. 8. F. Speller, National re or 
the lower temperature ranges. Long freight hauls for firebrick are Co.. discussed the physical qualities of pipe, with special refercne' ly 
uneconomical and therefore brick made from clay handy to the — to iron, bessemer steel, and open-hearth steel, and the activitir= of i 
user must be employed. This makes standardization of material the Mid-Continent Oil Gas Association regrading pipe for dee} eu 
very difficult, but the manufacturer, by study of the clays available drilling were recounted by J. Edgar Pew, of The Sun Co. D g sp 
1 Chief Engineer, Harbison-Walker Refractories Co. Pittsburgh, Pa 1 Asst. Chief Operating Engineer, New York Edison Co. Mem. Am.> = 
Mem. Am.Soc.M.E. M.E. phi 
pr; 
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equipment, from the point of view of the essential qualities and \t the detonation session Thomas Midgley, Jt f the D 
analysis of raw materials entering into its manufacture, and also Research Laboratories, outlined the pre ing the 
the value of heat treatment, was the subject of an address by Prof. tion and described experiments whicl has conducted 


IF. F. MelIntosh, of the Carnegie Institute of Technology. Papers nine the laws governing detonatiot S. VM. Lee ands. W. &; 
on the standardization of tool joints, rig irons, and cable tools wer of the Bureau of Standard leseribed methods | 
followed by a general discussion of the question, What Does the Oil obtained in two investigatic of fu hig pl 
Industry Wish to Do About Standardization? This subject of — tion engine \ paper by J. H. Hi H. A. H 


standardization in the oil industry was also discussed at one of the G;. A. Young, all of whom are connected th P ie | 





sessions from the points of view of the engineer, the field man, and discussed their research work into the rat 

he supply manufacturer bust engines under comparativel y 
Several group sessions were devoted to the subject, What is Good — gasoline without detonation 

Gasoline? Dr. Ss. W. Stratton, of the Bureau of Standards, gave the Reports on fuel-volat researt the Bureau st 

inmswer As so lal formed by the joint res arch program ol the Bureau ind on the work ot the! ir’ depart nt es A 

ind the oil and automotive industries. Thomas Midgley, Jr.,General in regard to fuels, were presented at a research sessior 

Motors Research Corporation, pointed out the relationship of \t the fuel session, papers on the effective volatility 

knock” to the gasoline problem and discussed the remedy for the proper utilization of natural gasoline, and a survi fg 
wking \ paper on the use of natural gasoline in motor fuel and kerosene carburation were presented. The latter paper gave 


is presented by O. P. Kenney, of the Tide Water Oil Co., at a a general discussion gasoline carburation requirements 
sion of the Association of Natural Gasoline Manufacturers of petroleum fuels, and reasons for the present wastage 
Henry L. Doherty, New York, gave his interpretation of the prob- — improper carburatior 


ol heavy lels for internal-combustion engines \n interesting paper on aircraft-engine practice as apphed 
r-cooled passenget r engines was presented at tl eng 
SoOcIETY OF AUTOMOTIVE I-NGINEERS ote te cant [pa , , 
ing sessic is ywed wher iuto lesig 
\n unusual educational opportunity was afforded automotive ind engine builder can profit by the use of practice develop 
ineers and executives during the week of January 8, when two ur-cooled aircraft engines and contained a detailed d 
tomobile sho ind the annual meeting of the Society of Auto- garding cylinder design and performance 1 
e Engin vere held in New York Cit S.A.E. m ers 1 type ¢ y 1 for 
nau Line l eel fy ere gu { it ix { Natior | thik i ( R 
on s e Aut le Body Build Show, al 1 H 
ts « ed at VS gave wetus to the I] W. Ald \ ( 
i luring 192 
exe () , ‘ Ta it du y 
\ > \ 
y closed deseribed i pape 
( ner Closed Be ( ru nrest lat odv engines 
} (,eors 1. Nereer Detroit. M | | { ( | | ( I { l 
t 1 WI ered wood me on Which ar yplied li ns, repor ( ill-d xcurs to 
nd a covering of high! hed ! \I r ( 1 sessions g ed n, eng 
\ er outlined the merits of t fabric body and stated that he neering re ! ind city planning—all these were outstanding 
ted to put it on the road the near future in order to deter events in the seventieth annual meeting the Amer Societ 
its durability f Civil Engineers, held in New York January 17, 18, and 19, 1923 
the same session J. B. Davis, of the Standard Textile Pro- Che recipients of honorary memberships were Leon-. Chag- 
Co., New York, N. Y., described methods of testing leather naud, Paris, noted for his subaqueous and subterranean excavation 
tutes and top material recently developed by his concert work; Sir Maurice Fitzmaurice, London, internationally prominent 
In cooperation with the Bureau of Standards and the Society for through his achievements in bridge engineering and irrigation and 
ng Materials drainage work; Clemens Herschel, New York, past-president of 
sting automobile finishing varnish was the subject of a papet the A.S.C.E., the inventor of the venturi meter: John Frank Stevens 
Valentine Pulsifer, chief chemist, Valentine & Co., New York New York, railroad engineer and well known for his work as chief 
N.Y. Mr. Pulsifer stated that the three most important factors engineer of the Panama Canal; and William Cawthorne Unwin, 
! timating the service-giving qualities of varnish are elasticity, London, engineering educator and authority, honorary member 
ture resistance, and film thickness. Mr. Pulsifer performed L.S.M.E. and recipient of the Kelvin Medal in 1921 
tests for these qualities and discussed the testing of varnish Charles F. Loweth, who succeeds John R. Freeman as president, 
qj s in general has been chief engineer of the Chicago, Milwaukee & St. Paul Rail- 
fourth paper presented at the body engineering sessions was way since December, 1910. He has been active in the work of t 


I’. Murray, advisory mechanical engineer, Hardwood Manu- society, serving as director and vice -presic nt, and rendered valua- 
rers’ Institute, Chicago, and dealt with the needless waste — ble service as its representative on Engineering Council 


dwood lumber in the automotive industry. He pointed out With the formation of four technical divisions, the A.S.C.E. has 

] 
. U he cost of body production could be considerably reduced joined the ranks of those large engineering organizations which 
vision of specifications for grading, and commended the work are recognizing the potentialities of such specialized branches. 


Ol tie Central Committee on Lumber Standards which is endeavor- The technical division on sanitary engineering, which had _ pre- 


ing‘, produce a new and scientific grading schedule that by common — viously been organized, held its first general meeting on January 

will establish a lasting instrument to be entitled the Amer- 16. H. P. Eddy, consulting engineer, Boston, Mass., read a paper 
i umber Standards on the Present Status of Sanitary Engineering and made valuable 
\ svinposium of papers on commercial airplane design was held suggestions as to the aims of the division Organization meetings 


evening of January 9. Prof. k. P. Warner, Massachusetts of the three other divisions, on irrigation engineering, highway 
ustitute of Technology, named economy, safety, speed, and com- engineering, and power, were held on January 19. Tentative 
qualities which the finished plane should possess, and dis- organizations and plans for procedure were drawn up and lines of 
CUSS the relative Importance ol these factors. Other speakers work to be carried on by the divisions were discussed. 


5 spoke of the obligation which the Government has in carrying for- An all-day excursion to Bethlehem on January 18 included in- 
development, and possibilities of commercial aviation, em- — spection of the new Hill-to-Hill bridge, which is 62 ft. wide and, with 
Phasizing the necessity lor “selling” the publie as to its safety and its approaches, about 6000 ft. long; the works of the Bethlehem 
practicability. Steel Company, especially the open-hearth department, the rolling 













































































212 MECHANICAL F 
mill, and the fabricating shops; and the John Fritz Laboratory at 
Lehigh University. 

Among tl he 


the committee reports which were presented was t 
third report on stresses in railroad track, covering a study of curved 


ic 
track; the final re port on bridge specifications, Which differs from 
in that it is shorter and restricts itseli 
‘ations, leaving details to the individual engineer: 


other current specifications 
ti 
and a summary of tests of impact in highway bridges. 

At the session on engineering education Charles F. 


( le ( tri ral ngineering, Sheffic ld Sei ntifie Schoo 


} 


ot neral consid I 


Seott, profes 


sor of l, revi 


wed 


what is being done by various societies for the promotion of engi- 


neering education, and outlined the new project of the Society for 





NGINEERING Vou. 45, No. 3 


at the research Arthur N. Talbot 
professor of municipal and sanitary engineering, University of Ili 
nois; Alfred D. Flinn, director of Engineering Foundation and chair 
man of the Division of Mngineering, National Research Council 
George K. Burgess, chief of the Division of Me tallurgy , U.S. Bureau 
of Standards; and Otto B. Blackwell, transmission development 
engineer, American Telephone and Telegraph Company, New York 


The speakers session were 





the civil engineers 


Mr. Talbot, who is a past-president of an 
chairman of their committee on research, discussed the society’ 
research program, which has included such important subjects a 


working stresses for steel structures, flood-protection data, irrigation 
engineering, hydraulic phenomena, and impact in highw ) bridge 








the Promotion of Engineering Education; this was described in an Mr. Flinn reviewed the development of the two organizations ir : 
editorial by him in the February issue of MecHANICAL ENGiNEER- — which he is active, as previously named, stating that each of ther 
ING. The Outlook of the Engineering Colleges of the Middl is “an integral part of the organism of the founder societies, ju 
West was the subject of an address by William G. Raymond, dean as the Library is.””. Mr. Burgess reviewed the present status a 
of the College of Applied Science, State University of Iowa. A probable future of steel as a structural material and outlined sor 
paper by Magnus W. Alexander, managing director of the National — of the work being carried on at the Bureau of Standards. 
Industrial Conference Board, read by Mr. Trowbridge, a member Subjects considered at the city planning session were parks ar 
of his staff, emphasized that the engineer, animated by his constant parkways, city planning and the engineer, zoning, and regior 
spirit of inquiry, should guide industry in basing its work upon _ planning. 
ascertained fact and experience. John L. Harrington, president At an evening session on January 18 Julius H. Barnes, presid 
of the A.S.M.E., urged the coéperation of the national societies in of the U. 8. Chamber of Commerce, presented an address on Tran 
a plan for a general undergraduate engineering society, directed portation Keyed to Production, in which he emphasized 
by the students themselves rather than by the national societies necessity for adequate transportation facilities for distribution 
or faculties. products 
LIBRARY NOTES AND BOOK REVIEWS 
: “VIEWS 
x 4 4 . 4 4 4 ) 3 IO K x I 4 4 — 
AMERICAN Macuinist Gear Boox. By Charles H. Logue; revised by nitric acid; the utilization of atmospheric nitrogen; the metallu 
ferinald Trautscho Third dition McGraw- 1 Bo C , ! . 
Reginald Traut chold Phird edition. cGraw-Hil ok C of lead, magnesium, nickel, mercury, osmium and molybdet B 
New York, 1922 Cloth, 6 9 in., 3538 pp., illus., diagrams, tables 7 . ; 
$3. metallography; mercerizing; leather; naphthalene. Extensive 
Pa ; _ ; icles on these and other topics, by well-known authorities, charact 
rhis book is intended to give practical data for cutting, molding Sia ee, Tail 
. s » ’ WOOK, 
rolling and designing commercial types of gears, and to present = 
this information by means of simple rules, diagrams and tables Tue Dynamo, Irs Turory, DesigGN AnD Manvuracture. Vol.1. By 
. r . e4e ] is = h ex on Siac > 1 nN 
arranged for ready reference. This edition has been carefully rye Sixth gs n. | ; Pitman & New Yor 
. , oth, 6 X 9in., 615 pp., illus., diagrams. $6 
revised and enlarged. Matter of little practical value has been is 
omitted. The chief additions relate to spiral type and Williams A standard British text of comprehensive character, covering 
“master form” bench gears, to the Williams system of internal both direct-and alternating-current generators In this rev n 
gearing and rolled gearing. The last subject is here first presented greater space is given to the treatment of the electromotive 
in book form. of the dynamo by vectorial methods, the the ory ol armature ¥v 
ing has been reconsidered and expanded, and greater promine! 
ANNUAIRE DU BuREAU DES LoNGiTUvES. 1923 By France: Bureau des given todrum armatures. A section on the oscillation of a me: , 
mngitudes. i ier-Villars et Cie, Paris, 1922. -aper, 6 in . , ! 
Longitude Gauthier-Villars et Cie J iris, 1 Paper, 4 it cal system, a discussion of the compressive stress on the mica ] s 
860 pp., portrait, maps, tables, 6 fr. 5c. ; : ; ; ; 
in high-speed commutators, and the winding of shunt coils wit! 
This convenient relerence book has ap] eared ani ually for 128 sizes of wire are among the new matters that have been 
years. rhe volume for 1923, like its predece: Ors, COVETS a wide The book has been largely rewritten and carefully revised 
field of statistical information, astronomical, physical, geographical 
and social. Five star maps are included, and an extensive review MLEMENTARY INTERNAL-COMBI BTION Enaines. By J. W. Kershaw 
4} Mound . Franc ond edition. Longmans, Green & Co., New York, 1922. ¢ Li 
ol the cimate 0 rance. 5 X 7 in, 211 pp., diagrams $1.75 
Cours CompLet DE MATHEMATIQUES SpéciaLes; Vou. 3, MECHANIQUI An elementary account of the construction and working 
35 J. Haag. Gauthier-Villars et Cie, Paris, 1922. Paper, 6 X 10in, and vas engines and power-gas producers, intended as an int! 
185 pp. 12 fr. tion to more advanced books 
In this volume on mechanics, Professor Haag lays emphasis on e 
ae ienenihall aahel fe ge il Tien eimai Hed INTERNAL-COMBUSTION Enotnes. By J. Okill Isaac itman 
the experimenta origin O ‘ na science, even hough . proves a New York, 1922 (Pitman’s Common commodities and ind 
an entirely abstract exposition of it may be given, as of any other Cloth, 5 X 7 in., 126 pp, illus. $1 4 
athematie:s 1eOry. is study begins with kinematics, from : , , ; \ 
math ma ; il t] ry Hi 1G} Z ’ li ] I al [rol A review of the development and construction ofl the \ 1s un 
which topic he proceeds to dynamics and finally to statics, which ; . . . al , 
: . : types of internal-combustion engines, written to show how g a ea 
is considered as a particular case of dynamics. Although primarily . . . ee 
, se ~ oil engines stand as competitors to steam for all power pu! ih 
a work on theoretical mechanics, applied mechanics has not been : , age a es 
and to discuss some of the power requirements that are | . 
neglected, but has been included by a large number of problems : | 
‘ , “eer . the scope of the steam engine. 
that occur in physics or in industry. 0 
INTRODUCTION TO THEORETICAL AND APPLIED COLLOID CHEMIST! By 
DicTIONARY OF APPLIED CHEMisTRY. Vol. 4. By Sir Edward Thorpe. Wolfgang Ostwald. Second American edition, translated fr the 
Longmans, Green & Co., New York, 1922. Cloth, 6 X 9 in., 740 pp., eighth German edition by M. H. Fischer. John Wiley & So: ew 


$20. 


This well-known work of reference has been thoroughly revised 
and brought down to date, the present volume including matter 
published as recently 1922. Volume 4 includes many sub- 
jects of tech nical interest, such as the manufacture of matches, of 


as 


York, 1922. Cloth, 6 X 9in., 266 pp., illus., diagrams, portrait 0) 


A revised and enlarged edition of the principal lectures deli: ered oe 
by the author during his American visit in 1913-1914. ese nee, 
lectures were intended for those with little or no knowl ol e001 
colloid chemistry and were intended as a general survey the 
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ubject, with particular emphasis upon its great possibilities of 


cientific and technical application. 


XPERIMENTAL ELECTRICAL ENGINEERING AND MANUAL FOR 
Testing. Vol. 1 By Vladimir Karapetoff 
Wiley & Sons, New York, 1922 
diagrams. $6. 


ELECTRICAI 
John 
795 pp., illus 


Third edition 
Cloth, 6 X 9 in., 


This textbook on the testing of electrical machinery is based on 
1¢ course of instruction given by the author at Cornell University, 
it the selection of material has been modified by comparison with 
the courses in other colleges, so that the book presents a composite 
picture of what is actually taught in the electrical laboratories in 
is country. This edition has been completely revised and reset 
Volume 1 contains all elementary experiments and is sufficient 
the needs of general students. Volume 2 contains advanced 
rk needed by students of electrical engineering 


s AND Fixtures. By Fred H. Colvin and Lucian L. Haas. S« 
tion McGraw-Hill Book Co., New York, 1022 Cloth, 6 
237 pp., illus., tables 


cond edi 
You 


diagrams, $2.50 


The authors endeavor to present the fundamental principles 
of design, arranged as nearly in the order of their application as 
possible, so that the tool designer can select such parts and methods 

seem best suited to any problem. The new edition has been 
enlarged to include a greater variety of work and also to show a 
boring bars and reamers. 

mm TURNOVER IN INDUSTRY By Paul Frederick Brissenden 
Frankel. Macmillan Co., New York, 1922. Cloth, 6 * 9 in 


tables $3.50 


ind Emil 
215 pp 
he questions discussed in this work include the general extent 
ibor mobility; labor mobility in individual plants and in special 
groups Within the work force, causes of turnover, seasonal influences, 
ts of length of service, responsibility for instability. The in- 
gation is based on statistics collected for the United States 
B iu of Labor Statistics, from over 260 establishments employ ing 
500,000 workers. The problem is treated primarily from the 
f view of the individual establishment 


M NERY FOUNDATIONS AND ERECTION By Terrell Croft First edi 
McGraw-Hill Book Co., New York, 1923 


Cloth, 6 K &S in 
‘1 pp., ilbus 


diagram $5 


~ 


tion 1 of this book considers the general requirements that 
itions for machinery must meet. This statement of fun- 
ntals is immediately followed by divisions treating of the design 
roperties of the different components of foundations, 


such as 
I bolts. 


Following these come 
etions on the installation and reconstruction of foundations 
i livisions in the next group give specific information on the 
and construction of foundations for certain types of mach- 
including steam engines and turbines, boilers, waterwheels, 
electrical machinery, hammers and planers. The 
ns explain methods for erecting machinery. 


anchor plates and anchors 


concluding 


The bo« k ls 


rit lor practical men, and avoids the use of higher mathematics 
t nas been written previously on the subject 
aL ENGINEERING Detrait TABLES By John P. Ross Isaac 
man & Sons, New York, 1923. Cloth, 5 X 7 in., 197 pp., diagrams 
es $2.25 
compilation, by an experienced draftsman, is intended to 
machine designers with the proportions of a number of 
achine details that are common to all machines. The tables in- 


ide dimensions for the usual sizes of studs, rivets, nuts, bolts, 


and ratchets, wrenches, links, joints, shafting, keys, keyways, 
farings, hooks, chains, engine and pump details, condenser details, 
ilves and cocks, pipes, flanges and fittings, ship’s fittings and wire 
pe Follows english practice. 


VIL Power. By Sydney H. North. Isaac Pitman & Sons, New York, 


I Pitman’s Common Commodities and Industries). Cloth, 5 x 7 
In.. 122 pp., illus, tables. $1. 

\ concise, yet comprehensive account of the use of oil for power 
production, which covers the subject in a general manner, without 
atlem) ting great detail on its many aspects. Intended for engi- 
heers. 


hipowners and users of fuel. 


Gives special attention to the 
ic advantages of oil. 


€COno] 
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PRACTICAL MECHANICS AND STRENGTH OF MarTertats. By Charles W 
Leigh. First edition McGraw-Hill Book Co New York, 1923 


Cloth, 5 XK & in., 293 pp., diagrams, tables. $2.25 


An elementary textbook presenting those principles of mechanics 
and strength of materials that are needed by the 


practical man 
Intended lor high schools and vocational schools 


QUANTUM THEORY By Fritz 
Cloth, 5 K Sin., 183 pp 


teiche. E. P 


$2.50 


Dutton & ¢ New York 


In this treatise the author has attempted to give in broad outline 
the most important features of the doctrine of quanta, its origin 
its development and its ramifications An appendix entitled Math- 
ematical Notes and References provides a useful list of the important 
writings on the subject 


Die STATIK DES EISENBAUES By W. I André co 
Oldenbourg, Munich, Berlin, 1922. Paper, 6 x 10 
diagrams, tables $3 


\ practical handbook for the designer of steel structures, intended 


to give him a collection of the most useful methods for solving the 


problems of statics that arise in the design of ordinary structures 
The book contains over one hundred « xamples, taken from practice 
of steel buildings, shops, markets, craneways, hangars, shipways 
conveyor irames, cooling towers, bridges, cableway s, loading bridges 
pontoon bridges, ete In every case, the author has tried to present 
the most suitable method of calculation. An appendix presents, 
in concise form, the foundation and development of the 


portant method for statically indeterminate systems 


most im- 


PREATISE ON THE PRINCIPLES AND Practice oF Dock ENGINEERING B 
trvsson Cunningham Third edition Charles Griffin & ¢ Lond 
1922 Cloth, 6 K 9 in, 600 pp., illus , plates $10.00 


Mr. Cunningham's treatise covers the subjects of dock desigr 
and construction; jetties, wharfs and piers; dock gates and caissons 
sheds and warehouses; dock bridges and dock equipment. The 
book aims to be thorough, rather than extensive, in its treatment 
and to investigate in detail rather than in general This edition 
has been thoroughly revised and brought up to date by the inclusion 
of new material and illustrations 


Index to Volume 44 of Mechanical Engineering 


[HE Index to Volume 44 of MecHanicaL ENGINEERING has 

recently been completed and is now available in printed form 
Any member of The American Society of Mechanical Engineers or 
any other subscriber to the magazine may obtain a copy of this 
Index by sending a written request for it to the headquarters of 
the Society at 29 West 39th Street, New York, N. Y 


Acting Director of U.S. Standards Bureau 


"HE VACANCY caused by the resignation of Dr. 8. W. Stratton 
as director of the U. 8S. Bureau of Standards has been filled 
temporarily by the appointment of Dr. Fay C 


sgrown as acting 
director Dr 


Brown has been assistant director since the War 
He is a graduate of the University of Indiana and did graduate 
work at the Universities of Illinois and Chicago and at Princeton. 
He was instructor at the Universities of Illinois and lowa previous 
to the War. In 1917 he entered the military service and was in 
charge of testing and ballistic work on airplane bombs. 


New President of British Mining Engineers 


‘THE INSTITUTION of Mining and Metallurgy, of England, 

which is international and comprises a large American member- 
ship, has selected Robert Gilman Brown as its president for 1923 
1924. Mr. Brown is a graduate of Dartmouth and the Columbia 
School of Mines and was connected with various mining concerns 
in this country until 1907, when he went to England. He has 
since been associated, either as consulting engineer or director, 
with mining companies operating in Cornwall, North Wales, 
South America, Burma, and particularly in Russia. He has been 
a member of the council of the Institution for eleven years, and is 
the second American engineer to be its president, the first having 
been Hennen Jennings. 











THE ENGINEERING INDEX 


(Registered United States, Great Britain and Canada) 





Exigencies of publication make it necessary to put the main body of The Engineering 
Index (p. 111-EI of the advertising section) into type considerably in advance of the date 


of issue of ‘Mechanical Engineering.” 


To bring this service more nearly up to date is 


the purpose of this supplementary page of items covering the more important articles 
appearing in journals received up to the third day prior to going to press. 





AIRPLANES 


Manless. The Airplane Aerial 
Age, vol. 16, no. 2, Feb. 1923, p. 73 Results of ex 
periments by Army Air Service to produce small 
airplane of 20-ft. span, with 60-hp. air-cooled engine 
capable of carrying useful load of 250 Ib., which 
would operate without pilot; equipped with Sperry 
automatic pilot. 


AUTOMOBILE ENGINES 


Motor-Truck. Type K-4 Continental Truck Engine 
Goes Into Production Automotive Industries, vol 
48, no. 5, Feb. 1, 1923, pp. 231-232, 2 figs Has 
detachable cylinder head and full-pressure lubrica 
tion; gives 35 hp. at 1300 r.p.m., at which sveed it 
is intended to be governed; weight, 680 Ib 


AUTOMOBILES 


Bodies in Sections. Manufacturing and 
Costs Cut by Building Bodies in Sections, J. Edward 
Schipper. Automotive Industries, vol. 48, no. 5 
Feb. 1, 1923, pp. 215-217, 7 figs. 30 broughams 
packed in same freight-car space as 14 under usual 
method; Oldsmobile plan provides for shipping in 
seven sections; bolted and screwed together in car 
factory 


BELTING 
Leather. 


Army's Manless 


Shipping 


Specifications for Leather 

Indus. Management (N 
1923, p. 92 Discusses new 
S. Government 


New Federal 
Belting, Louis W. Arny 

), vol. 65, no. 2, Feb. 
specifications adopted by U 


BOILER FURNACES 
CO, Distribution. Stratification 
a Boiler Furnace, W. C. Strunk. Power, vol. 57, no 
5, Jan. 30, 1923, pp. 166-168, 6 figs. Method of 
taking combustion-chamber gas samples; four sets 
of analyses show air distribution in furnaces; opera- 
tion relation of CO2 and O: shown; method sug- 
gested to improve combustion efficiency 


CARBURETORS 

Venturi Diameters. Determining Correct Carbu- 
retor Size, W. H. Weber. Automotive Industries, 
vol. 48, no. 5, Feb. 1, 1923, pp. 220-22 Practical 
method for calculating cross-section of venturi tube 
necessary for carburetor to permit quick acceleration 
from minimum car speed in high gear. 


DIE CASTING 

Dies for. Dies for Die-C actiogs, A 
Machy. (N. Y.), vol. 29, no Feb. 
432, 4 figs. Specific 
struction of dies for 
intricate types. 

Process and Equipment. Die Casting Process and 
Equipment, John W. Harriman Am. Mach., vol 
58, no. 4, Jan. 25, 1923, pp. 137-141, 10 figs. Con 
struction and operation of die; what to allow for 
shrinkage; methods of forcing molten metal into die 
are described. 


DISKS 
Rotating, Stresses in. 


of Gases Within 


Carman 
pp. 430 


G 
1923 
pot doen Mh of design and con 


making die castings of more 


Rotating Dises of Conical 
Profile. Engineering, vol. 115, nos. 2975 and 2978, 
Jan. 5 and 26, 1923, pp. 1-3 and 115-116, 4 figs 
Determination of stresses due to centrifugal forces 
acting alone, application of load of, say, 1 Ib. per in 
run applied along knife edge forming periphery, and 
infinitely great pressure applied to the interior of 
an infinitely small hole drilled through the disk at its 
center 

GAS ENGINES 

Steel Works. 
Plants, C. G. Sprado 
vol. 11, no. 1, Jan. 1923, pp. 
parison of B.t.u. recoveries by gas engines versus 
steam units; marked advance in valve-gear con- 
struction results in unexpected economy and capacity 
in new 3500-kw. machines. 


GEAR CUTTING 

Helical Gears. Methods of Generating Helical Gears, 
Franklin D Jones Machy. (N ), vol. 29, no. 6, 
Feb. 1923, pp. 445-450, 15 figs. Methods of cutting 
teeth of helical gears on hobbing machines and gear 
shapers. 

Sykes Generators. Large Sykes Gear Generators 
Engineering, vol. 115, no. 2977, Jan. 19, 1923, p. 69, 
11 figs. on p. 78 and supp. plate. Details of machines 
of two models, both capable of cutting wheels up 
to 15 ft. in diameter. 

Tangent Rack Gears. 
Gears. Engineering, vol. 115, no. 2978, Jan. 26, 
1923, pp. 106-107, 10 figs. Describes system of 
generating gearing by means of conical hob devised 
by H. E. Taylor of Hotchkiss et Cie., Coventry, 
England. 


GEARS 
Spiral Bevel. 


Gas Engines Installed in Steel 
Blast Furnace & Steel Plant, 
123-125, 5 figs Com- 


Large 


Hobbing Tangent Rack 


The Manufacture of Spiral Bevel Gears. 


vol 115 
partly 
used 


Jan. 12 
Descril 
Motors 


no. 2076 
on p $t) 
by E a om 


Engineering, 
32-36,13 figs 
and methods 
London 


INDICATORS 


Steam-Engine. 
Rineering 


1923 pp 
work 
Ltd 


En 
Ppp 


High-Speed Engine Indicator 
vol. 115, no. 2978 an. 26, 1923 
119-126, 34 figs Four papers read before Instn 
Mech. Engrs. as follows: The Problems of the Engine 
Indicator, Loughnan Pendred; A New Form of 
Optical Indicator, F. W. Burstall; Micro-Indic ator 
for High-Speed Engines, W. G. Collins; R 
Electrical Indicator for High-Speed Internal 
Combustion Engines, and Gauge for Maximum 
Pressures, Harry Wood 

Indicators for High-Speed Engines. Engineering 
vol. 115, no. 2976, Jan. T2, 1923, pp. 31-32. Discusses 
optical indicators, including Hopkinson, Watson 
and Burstall in England, and Midgley, in America 


INDUSTRIAL MANAGEMENT 


Engineering Department. Th: 
tion of an Engineering Department W. E. Irish 
Indus. Management (N. Y.), vol no. 2, Feb 
1923, pp. 93 97 Cousiideasion of labor problems 
— engineer’ Ss vie w point men cogs foremen 

“bearings,”’ etc. Shows how method has worked 
out in practice 

Lot-Quantity Determination. How to 
Quantities for Lot Manufacture, Kenneth 
man Indus. Management (N. Y.), vol 
Feb. 1923, pp. 84-86, 2 figs. Finding most economi 
cal lot quantity by graphs 

Production Methods. Undetected 
duction Processes, A. Whitehead Engineer, vol 
135, no. 3499, Jan. 19, 1923, pp. 72-73, 1 fig Points 
out influence of defects in workmanship or processes 
which ordinary methods of inspection commonly 
neglect 

IRON CASTINGS 

Electric-Furnace. 


Successful Opera 
65 


as 


Determine 
W. Still 


65. no. 2 


Faults in Pro 


Gray Iron Castings from Electrix 
Furnace, Larry J. Barton Iron Age, vol. 111, no. 4 
Jan. 25, 1923, pp. 269-273, 8 figs. Possibility of 
their commercial production; acid and basic practice 
compared; role of heat treatment 

JIGS 

Design. Jigs and Tools, J. Moore. Engineering, vol 
115, no. 2976, Jan. 12, 1923, pp. 55-59, 13 figs 
Considerations and principles of design Abstract 
Paper read before Instn. Production Engrs 


LOCOMOTIVE BOILERS 

Washing-Out and Refilling Plant. 
Washing-Out Plant for the Italian State Railways 
Engineering, vol. 115, no. 2976, Jan. 12, 1923, pp 
42-44, 8 figs Details of washing-out and refilling 
plant, underlying idea of which is to recover heat 
stored in boilers of locomotives returning to sheds, and 
use it in boilers of locomotives starting for day's 
work 


LOCOMOTIVES 


Repairing. How 
Ford's Railway 
58, no. 4, Jan. 25 
scribes repair shop 
employed 


MONEL METAL 
Forging. 


Locomotive 


Locomotives Are on 
Fred H. Colvin Am 
1923, pp. 133-136, 


at River Rouge 


Repaired 
Mach., vol 

14 figs LD 

and methods 


Considerations the Forging of Monel 
Metal Forging & Heat Treating, vol. 8, no 12 
Dec. 1922, pp. 542-545, 3 figs. Importance of 
heating in a reducing atmosphere or muffle furnace 
emphasized; correct temperature for forging; physical 
and chemical properties of monel metal 


MOTOR TRUCKS 


Performance Tests. Production Tests 
Chassis at the G. M. C. Truck Plant Automotive 
Industries, vol. 48, no. 5, Feb. 1, 1923, pp. 224-226 
7 figs. To obtain more comprehensive and accurate 
data on truck chassis performance than would be 
possible through road tests, Gen. Motors Truck Co 
has provided test room through which all completed 
chassis must pass 


OIL ENGINES 


in 


of Loaded 


European. E “uropean Oil Engines, Edwin Lundgren 
Power, vol. 57, no. 5, Jan. 30, 1923, pp. 174-172, 3 
figs. Discussion of correct air-oil mixing; the Deutz 


engine; new Hesselmann solid-injection engine 


OPEN-HEARTH FURNACES 

Developments. Developments in the Open Hearth, 
Herbert F. Miller, Jr. Blast Furnace & Steel Plant, 
vol. 11, no. 1, Jan. 1923, pp. 48-51, 3 figs. Gas 
producer development and possibilities of coke-oven 
gas; furnace valves, door frames and ports; sugges 
tion of evolution of open-hearth similar to modern 
blast furnace. 
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PRESSES 
Forging, Hydraulic 


sign of Hydraulic 


The Practical Side of the De 
Forging Ww R. Ward 
Forging & Heat Treating, vol. 8, no. 12, Dec. 1922 
pp 557, 5 figs Detailed discussion of desi 
calculations and materials; application and 
tions of various presses 


REFRIGERATING PLANTS 


Performance Scale. A_ Performance: 
(Ammonia Refrigerating Plants, T. M. ¢ 
vol. 57, no. 6, Feb. 6, 1923, pp. 211-214, 1 fig Di 

performance and gives scale by which opera 

ting results may be compared with ideal ones for an 
pressure range 


ROLLING MILLS 


Foreign Practice. Foreign Blooming Mill 
C. Kiesselbach Blast Furnace & Steel 
ll, no. 1, Jan. 1923, pp. 83-85, 7 fig 
production studies to determine proper 
passes; cooling due to roll contact rather 
intervals; power requirements at various 

not vary greatly Translated 
Jan. 15, 1920 


STEAM ENGINES 
Extraction-Type. 


Steam-Extraction Engine 
Jan. 30, 1923, pp. 173-174 
satisfactory regulation is 


STEAM GENERATORS 

Electric. 1. Electric 
Largest Yet Installed, W. P 
no. 6, Feb. 6, 1923 pp. 208 
each consisting of three 
H600- volt 3-phase circuit; each generator has norn 
capacity of 25,000 kw. and has absorbed 35,000 k 
and produced 50 tons of steam per hr 


STEAM POWER PLANTS 


Compound-Engine. Plant of Brun 
lender Co., Muskegon, Michigan Power, vol 
no. 6, Feb. 6, 1923, pp. 200-205, 7 figs Compou 
engine non-condensing plant in which exhaust ste 
is used for process work dry kilns and heatir 
water raised by air lift and ash hand! 


STEAM TURBINES 


Axial-Flow Ljungstrém. 
Turbine Power, vol. 57 
229-230, 3 figs Rotor is 
disks and annular rings 
reaction-type unit forms 
locomotive that has 
March 1922; 1800 hp 
Translated from Zeit 
genieure, Nov. 18, 1922 

Manufacture Making 
Factory Basis, L. S. Love Iron Age, vol. 111 
5, Feb. 1, 1923, pp. 333-336, 6 figs. Building 
bines with consideration to variations of condit 
of use by simplification and standardization 


STEEL 


Fatigue Testing. Determination of the Fat 
Resisting Capacity of Steel Under Alternating St 
T. Robson Engineering, vol. 115, no. 2977 
19, 1923, pp. 67-069, 4 figs Describes arrange 
adopted by Vincent Raven in testing departme: 
North-Eastern Ry machine used being W 
cantilever type 


STEEL CASTINGS 


Centrifugal Process 
trifugally, George F 
5, Feb. 1, 1923, pp 
ingots for tires, wheels 
McConway process; 
ingots 


Heat Treatment. 
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553 gn 
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sunn Power 


cusses 


Practic 
Plant 
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than tin 
reductior 
Stahl 


vo 


does 


Kisen 


irom 


Devices o Briti 
Power, vol. 57, no 
2 figs Methods wheret 


obtained on British eng 


(,overning 


aurentide Steam Generat 
Muit Power, vol 
210, 4 figs Two unit 


sections, connected 


swick- Balke-( 


special coal 


Axial-Flow Ljungstr 
no. 6, Feb. 6, 1923 

built up of a number 
combined impulse-a 
part of 70-ton 
seen regular service 

developed at 9200 ry 
des Vereines deutscher 


passer 


Engineering Product 


Mad 
vol. 11 
Steel 


Products 
Tegan Iron Age 
337-338, 3 figs 
and other sh apes 
villets and wire 


Special 


lisk 
produced by 
from such 


Treatment of Steel Ca 
F. C. Langenberg Iron Age, vol. 111, no. ¢ 
8, 1923, pp. 397-400, 2 figs Methods of imp 
physical properties and bearing on = specif 
effect on impact valves of electric and open 
steel 
Heat 
Blast Furnace 


Heat 


Steel Casting H. ¢ 
& Steel Plant, vol. 11, no 
1923, pp. 95-99, 17 figs. Characteristic 
castings in raw and therma'ly treated 
consideration of correct treatment with 
size and composition of casting 


STEEL MANUFACTURE 


Calorific Value of Elements Used.  < 
of Steel-Making Elements, Henry DBD. H 
Iron Age, vol. 111, nos. 2, 3 and 5, Jan. 11 
Feb. 1, 1922, pp. 143-144, 211-215 and 
Jan. 11: Chemistry of fusion or behavior 
fluence each element on metallurgy 
lan. 18 Role of silicon in bessemer and 
hearth furnace; proper use of aluminum; ma 
as deoxidizer Feb. 1 Behavior of pho 
manganese chromium and other metal 
processes 


; peculiarities of sulphur 
TERMINALS, LOCOMOTIVE 
Design. An 


Treatment oi 
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alorit aiue 
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5 and 

17-349 
nd i- 
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open 
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horus, 
stet 


Innovation in Locomotive 1 inal 
Design. Ry. Age, vol. 74, no. 4, Jan. 27, 1925, PP 
281-284, 3 figs Rectangular or circular engit® 
houses with inside cinder pits designed for | pmpuy 
turning power. Designed by Nat. Boiler ashing 
Co., Chicago. 


TERMINALS, RAILWAY 


Chicago. rminal 

3, PP. 
hicag? 
acilities 


Chicago Gets a New Passenger 
Plan. Ry. Age, vol. 74, no. 4, Jan. 27, 
263-267, 7 figs. Plans for new project by 
& West. Indiana, comprising study for new 
on Dearborn Station site 








